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NESTING ECOLOGY OF WATERBIRDS AT GRAYS LAKE, IDAHO
Jane E. Austin1 and William H. Pyle2,3
ABSTRACT.—Montane wetlands provide valuable habitat for nesting waterfowl and other waterbirds in the western
United States, but relatively little information is available about the nesting ecology of their waterbird communities. We
describe the general nesting ecology of breeding waterbirds at a large, shallow, montane wetland in southeastern Idaho
during 1997–2000. Habitats include upland grasslands and intermittently to semipermanently flooded wetland habitats.
We located a total of 1207 nests of 23 bird species: Eared Grebe (Podiceps nigricollis), Canada Goose (Branta canadensis), Mallard (Anas platyrhynchos), Gadwall (A. strepera), American Wigeon (A. americana), Green-winged Teal (A.
crecca), Blue-winged Teal (A. discors), Cinnamon Teal (A. cyanoptera), Northern Shoveler (A. clypeata), Northern Pintail
(A. acuta), Redhead (Aythya americana), Canvasback (A. valisineria), Lesser Scaup (A. affinis), Ruddy Duck (Oxyura
jamaicensis), Northern Harrier (Circus cyaneus), American Coot (Fulica americana), Virginia Rail (Rallus limicola),
Greater Sandhill Crane (Grus canadensis tabida), American Avocet (Recurvirostra americana), Long-billed Curlew
(Numenius americanus), Wilson’s Snipe (Gallinago delicata), Wilson’s Phalarope (Phalaropus tricolor), and Short-eared
Owl (Asio flammeus). Most nests were initiated in May–early June and were terminated (hatched or destroyed) by the
3rd week of June. Mean daily survival rate (DSR) for Canada Goose nests was 0.954 ± 0.005 (sx–; n = 127 nests), equivalent to Mayfield nest success of 21%. Mean DSR for dabbling duck nests over all 4 years was 0.938 ± 0.006 (n = 41),
equivalent to Mayfield nest success of 11%. For all other species where we found >10 nests each year (Eared Grebe,
Redhead, Canvasback, Coot, Sandhill Crane, American Avocet, and Wilson’s Snipe), >50% of nests found hatched at
least 1 young. Success rates for geese, cranes, and ducks were lower than reported for Grays Lake during 1949–1951
and lower than most other wetlands in the region.
Key words: American Avocet, American Coot, Canada Goose, dabbling ducks, habitat management, Idaho, montane
wetland, nesting ecology, Sandhill Crane, waterbirds.

Montane wetland systems provide valuable
habitat for nesting waterfowl and other waterbirds in the western United States (Ringelman
1992). Although these wetlands have communities of breeding waterbirds similar to those
found in the Prairie Pothole region (Kantrud
et al. 1989), montane wetlands generally have
shorter growing seasons, cooler and less predictable summer temperatures, and different
predator communities (Windell et al. 1986,
Ringelman 1992, Sanders 1997). Montane wetlands also tend to have experienced fewer
impacts from agriculture and invasive species.
Montane sites have higher annual precipitation, snowfall, and persistence of snowcover
than wetlands at low elevations, and they tend
not to support robust grasses such as basin
wildrye (Elymus cinereus) and intermediate
wheatgrass (Agropyron intermedium) that can
withstand compaction from heavy snow accumulations. Characteristics of individual montane wetlands, however, can be highly variable,

depending on elevation, aspect, hydrology,
underlying geology, and human influences.
Therefore, information from a variety of montane wetlands is needed to understand variations and commonalities in the communities
and ecology of breeding waterbirds and to
adapt habitat management practices to local
conditions.
Grays Lake, located in southeastern Idaho,
is a large (15,000 ha), montane wetland that
hosts a diversity of breeding waterbirds. Of
the nearly 199 species of birds that occur there,
44 species nest in wetland habitats (U.S. Fish
and Wildlife Service 1995). The area has long
been recognized for its breeding populations
of ducks, Great Basin Canada Geese (Branta
canadensis moffitti), and Greater Sandhill
Cranes (Grus canadensis tabida; Sperry and
Martin 1929, Steel et al. 1956, 1957, Drewien
1973). A large proportion of the wetland habitat of Grays Lake is encompassed within Grays
Lake National Wildlife Refuge (GLNWR or

1U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street SE, Jamestown, ND 58401.
2U.S. Fish and Wildlife Service, Grays Lake National Wildlife Refuge, Wayan, ID 83285.
3Present address: U.S. Fish and Wildlife Service, Kodiak National Wildlife Refuge, 1390 Buskin River Road, Kodiak, AK 99615.
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Refuge), established in 1965 to protect and
restore habitat for waterfowl production, Sandhill Cranes, and other wildlife. Habitat management focuses on the upland and wetland
habitats that border the central cattail (Typha
latifolia)-bulrush (Scirpus spp.) marsh. These
“lakeshore” habitats include upland grasslands
and intermittently to semipermanently flooded
wetlands. During 1997–2000 we studied the
general nesting ecology of Canada Geese, Sandhill Cranes, ducks, and other waterbirds on
lakeshore habitats. Here we describe the nesting bird community and provide information
on nesting phenology, clutch size, nest site
characteristics, and nest success of these
species. We compare nesting phenology and
current rates of nest success for Canada Geese,
ducks, and Sandhill Cranes with those reported
for Grays Lake historically (Steel 1952, Steel
et al. 1956, 1957, Drewien 1973) and for other
wetlands in the region.
STUDY AREA
Grays Lake lies within the Caribou Range
of the Rocky Mountains in southeastern Idaho,
at the western edge of the Greater Yellowstone Ecosystem. The central portion of this
montane wetland is a large, contiguous area of
semipermanently flooded wetland dominated
by bulrush and lesser amounts of cattail (8153
ha; hereafter interior marsh). The lakeshore
habitats surrounding the interior marsh are a
mosaic of seasonally (1264 ha) and temporarily
(914 ha) flooded habitats, dominated by Baltic
rush ( Juncus balticus), tufted hairgrass (Deschampia caespitosa), Kentucky bluegrass (Poa
pratensis), brome (Bromus spp.), mat muhly
(Muhlenbergia richardsonis), spikerush (Eleocharis spp.), and sedges (Carex spp.). Because
of its high elevation (1946 m), the valley is
subject to severe and prolonged winters with
snow accumulations often exceeding 200 cm.
Temperatures vary from –45°C during winter
to 35°C during summer, but freezing temperatures can occur during any month. Henry,
Idaho, located 13 km southwest of Grays Lake
and at 1869 m elevation, had an average annual
precipitation of 53.5 cm and average annual
snow accumulation of 219 ± 29 cm (1971–2000;
Western Region Climate Center 2002).
The water level of Grays Lake is determined
by precipitation, evaporation/transpiration, and
water-level management at 2 outflows. During
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spring the lake level is high enough to flood
surrounding lakeshore habitats. The lake is typically drawn down to a standard level from late
June to September to supply water for irrigation downstream, leaving surface water only in
the interior marsh. Only in very wet years is
standing water available in the margins between
Baltic rush–sedge habitat and the interior marsh
during summer months.
Ranching (cattle, sheep, and hay production)
has been the predominant land use in the valley since the late 1800s. Currently, cattle grazing of upland and wetland areas occurs from
June through early November. The GLNWR
contains most of the interior marsh as well as
large areas of lakeshore habitats; relatively small
amounts of sagebrush grassland are included
within the Refuge. Based on data from the
National Wetland Inventory, lakeshore fields
under USFWS control are dominated by seasonally flooded (45%), temporarily flooded
(23%), and semipermanently flooded (21%) wetland, with small amounts of upland (11%) and
permanently flooded wetland (<1%). Lakeshore
habitats are managed by USFWS for nesting
and foraging waterbirds using summer and fall
grazing, fall burning, and haying; some fields
are idled for 1 year or several years.
For our study we selected 12 (776 ha total)
of 22 fields that were within lakeshore habitats
and managed by GLNWR. Wetland composition of selected lakeshore fields was very similar to that of all lakeshore habitat under
USFWS control: 55% seasonally flooded (422
ha), 20% temporarily flooded (153 ha), 18%
semipermanently flooded (138 ha), and <1%
permanently flooded (<3 ha) wetland, and 7%
upland (54 ha). In 1996 all 12 fields were left
idle to allow their vegetation stature to become more similar before the study began,
and they remained idle during 1997 and 1998,
the first 2 years of data collection. Grazing and
burning treatments were applied to 9 fields in
late summer–fall 1998, and fall grazing was
again applied in fall 1999; three of the 12 fields
remained idle through summer 2000. These
treatments were similar to those applied to
other USFWS lakeshore fields not included in
this study and are part of normal refuge management activities. While areas searched for
nests within each field included stands of cattail-bulrush, we did not extend our searches
more than 100 m into contiguous interior marsh,
which was considered the outer boundary of

NESTING ECOLOGY OF WATERBIRDS

2004]

the defined field. For a more complete description of plant communities and hydrology,
see Austin et al. (2002).
METHODS
We conducted the 1st systematic searches
for nests of Sandhill Cranes and Canada Geese,
which initiated nesting 2–4 weeks before other
waterbirds, beginning the 1st week of May.
Because residual vegetation was minimal in
early spring and these nesting birds were very
visible, we systematically scanned each unit
for nesting Sandhill Cranes and Canada Geese
from vantage points. Often a 2nd such search
was conducted during the 2nd week of May,
before systematic searches were started for
ducks and other waterbirds.
We conducted systematic searches for all
ground-nesting waterbirds on each unit at
approximately 21-day intervals 3 times each
year, beginning in the 3rd week of May, 1st
week of June, and last week of June. In 1999
four systematic searches were conducted within the specified time frame because earlier
searches went quickly and biologists suspected
the late spring conditions delayed nesting of
some species. However, final search dates in
that year were similar to final search dates in
1997 and 1998. Any crane and goose nests
found during searches were mapped, and field
crews attempted to minimize disturbance near
all crane and goose nests.
We used several methods to search for nests.
Unflooded areas were searched using a 61-m,
0.8-cm-diameter chain drag pulled between 2
all-terrain vehicles (ATVs), using procedures
similar to those of Higgins et al. (1969). In
areas that were flooded, where the substrate
was too soft to use ATVs without damage to
substrate or vegetation, or where access by
ATVs was otherwise restricted, searching was
done by 1–2 people on foot using a 30-m rope
drag or hand-held poles. To minimize disturbance to crane and goose nests, searchers
maintained a distance of ≥30 m from the nests
unless directly checking the nest status. Locations of all nests found were plotted on an aerial photo.
Information recorded at nests followed procedures recommended by Klett et al. (1986).
We marked nests with willow stakes labeled
with a nest number to facilitate their relocation. In the first 2 years, colored flagging was
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tied to the willows; however, concerns about
detection of marked nests by American Crows
(Corvus brachyrhynchos) and Common Ravens
(C. corax) that are common in the area (Greenwood and Sargeant 1995) caused us to abandon that practice in 1999 and 2000. All nests
were checked every 10–21 days and their status monitored until terminated (hatched, destroyed, abandoned). We used eggshell fragments to determine nest fate (Mabee 1997,
Sargeant et al. 1998). During the 1st visit we
recorded nest site vegetation (unvegetated,
annual crops, upland graminoids, upland forbs,
low shrubs [<1 m], tall shrubs [>1 m], trees
[>6 m], floating hydrophytes, and short [0.5
m], medium [0.5–1.0 m], and tall [>1.0 m]
hydrophytes) and nest site type (not special,
nest structure, natural island, artificial island,
other). Information recorded during each subsequent visit included number of host and parasitic eggs, incubation stage, and water depth
(cm) at the nest. Water depth was recorded as
missing or “not applicable” if the nest was not
in water when found. Because this variable
did not capture information of nests not in water
during laying or early incubation, we summarized the data with the assumption that water
depth was 0 if water depth was recorded as
missing. To best represent conditions at initiation, we report water depths only for those 1st
nest visits that occurred during laying or early
incubation.
Because sample sizes were limited for most
species within years, we summarized data for
all 4 years and did not conduct statistical tests.
For those species with sufficient sample sizes,
we compared final clutch sizes among years
using 1-way analysis of variance (SAS Institute, Inc. 1999). We calculated annual and
overall daily survival rates (DSRs) for nests of
Canada Geese and dabbling ducks (species
pooled) using the Mayfield method (Mayfield
1975), with modifications suggested by Johnson (1979, 1990). Nests found already hatched
or destroyed and nests abandoned or destroyed
due to investigator disturbance were excluded
from analyses. Estimated exposure days for
Canada Geese were based on a 28-day incubation period, 5-egg clutch, and 1 egg laid per
day, with a day skipped between the 3rd and
4th eggs and between the 4th and 5th eggs
(Bellrose 1980). For duck species we used incubation periods from Bellrose (1980) to estimate
nest initiation and exposure dates. Data for
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Fig. 1. Mean monthly precipitation and temperature reported for Swan Valley, Idaho, located 85 km north of Grays Lake,
during 1997–2000 (Western Regional Climate Data Center unpublished data).

other species were usually insufficient to calculate DSRs; therefore, we report only apparent nest success rates (number of nests that
hatched at least 1 egg divided by number of
nests found).
RESULTS
Weather and Water Conditions
Weather conditions during the course of
the nesting season varied annually, generally
changing from wet conditions during the first
2 years to warm and dry conditions during
2000 (Fig. 1). Weather data for the Grays Lake
valley were not available for the years of this
study, so we report monthly weather data for
Swan Valley, located 85 km north of Grays
Lake and at 1710 m elevation (Western Region
Climate Data Center unpublished data). Total
annual precipitation was highest in 1997 (59.4
cm) and 1998 (62.3 cm) and declined to 48.6 cm
in 1999 and 38.8 cm in 2000. The decline in
precipitation in the latter 2 years was most
apparent for the growing season (April–September), falling from a high of 36.7 cm in 1998
to 14.8 cm in 2000. Patterns of mean monthly
temperatures also varied among years. In general, April was warmest in 2000; May was relatively cool during 1999 and warm during 1997;
and June was coolest in 1998.
Water level records for Grays Lake have
been collected since 1979 at Beavertail Point,
at the southernmost end of the lake (GLNWR
unpublished data). During April–May 1997–
1999, water levels were above the long-term
median (1979–2000; Fig. 2), with highest water
levels occurring in 1997. In that year large

areas of lakeshore habitat were flooded in
April and early May. During April–May 2000,
water levels were near the long-term median.
Continued summer precipitation during 1997
kept water levels above normal through July
and August that year, whereas in the other
years water levels fell to or below the lake bottom level by the 1st week of August.
Nesting Waterbird Community
We located 1207 nests of 23 bird species
during the 4 years of this study, and ≥10 nests
for each of 10 species (Table 1): Eared Grebe
(Podiceps nigricollis), Canada Goose, Mallard
(Anas platyrhynchos), Gadwall (A. strepera),
American Wigeon (A. americana), Green-winged
Teal (A. crecca), Blue-winged Teal (A. discors),
Cinnamon Teal (A. cyanoptera), Northern Shoveler (A. clypeata), Northern Pintail (A. acuta),
Redhead (Aythya americana), Canvasback (A.
valisineria), Lesser Scaup (A. affinis), Ruddy
Duck (Oxyura jamaicensis), Northern Harrier
(Circus cyaneus), American Coot (Fulica americana), Virginia Rail (Rallus limicola), Greater
Sandhill Crane, American Avocet (Recurvirostra americana), Long-billed Curlew (Numenius
americanus), Wilson’s Snipe (Gallingo delicata), Wilson’s Phalarope (Phalaropus tricolor),
and Short-eared Owl (Asio flammeus). Twelve
nests of “unknown” species were also found in
1997 and 1998. American Coots were by far
the most abundant nesting species (108 nests
in 1997 to a high of 430 nests in 1999; total of
997 nests). We also found 134 Canada Goose
nests and 234 Sandhill Crane nests. For ducks
we found 162 dabbling duck nests (41% Mallard, 30% Cinnamon Teal, 17% Gadwall, and
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Fig. 2. Water levels recorded at Beavertail Point, located on the south end of Grays Lake for April–October,
1979–2000, summarized by 10-day periods. Right axis reflects gauge elevation correction (+0.95 feet) surveyed during
1998.

>1% each for other species) and 24 diving duck
nests (42% Canvasback, 37% Ruddy Duck, 17%
Redhead, and 4% Lesser Scaup).
Numbers of nests found for 3 species declined over the 4 years of the study. Nineteen
Eared Grebe nests were found in 1997, but
only 2–3 nests were found in subsequent years.
Numbers of Canada Goose nests declined
from 40 and 43 in the first 2 years to 27 and 24
in the latter 2 years. Numbers of American
Avocet nests declined from 50 in 1997 to 29 in
1998, 14 in 1999, and 0 in 2000. We caution,
however, that nest detection probabilities vary
among species and could vary within a species
among years (e.g., change in vegetative cover
or distribution of nests to different cover).
Therefore, numbers of nests do not necessarily reflect actual or relative abundances.
Nest Initiation and
Termination Dates
The earliest nesting species was the Canada
Goose, with almost 75% of nests initiated by
the end of April; the Ruddy Duck was the latest nester (Fig. 3). Most nests of Redheads,

American Coots, American Avocets, Long-billed
Curlews, and Short-eared Owls were initiated
in May, whereas most nests of Gadwalls, Ruddy
Ducks, Wilson’s Phalaropes, and Wilson’s Snipes
were initiated in June. Most duck nests were
initiated between mid-May and mid-June. Most
nests were terminated (hatched or destroyed)
by about the 3rd week of June, although some
Ruddy Duck nests continued into August.
When all species and years are considered
together, most active nests occurred between
early May and mid-July.
Sample sizes were large enough to allow
graphical examination of annual differences in
nest initiation dates for Canada Geese, Mallards, and American Avocets (Fig. 4). Median
dates and dates of earliest nests for Canada
Geese were earlier in 2000 than in other
years, and 1st nests tended to be later in the
season in 1999 than in other years. Earliest
initiation dates for Sandhill Crane nests differed by only 4 days and median dates by only
7 days. Median nest initiation dates for the
Mallard were similar among years, but initiation of the earliest nests tended to be later in
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TABLE 1. Total number of nests found, apparent nest success (ANS), and clutch size (mean ± sx– ) for 23 waterbird
species nesting in 12 lakeshore fields at Grays Lake National Wildlife Refuge, Idaho, during 1997–2000. Total number of
nests includes some nests that were later lost (i.e., no fate determined); apparent nest success was calculated based on
nests of known fate.

Species
Eared Grebe
Canada Goose
Mallard
Gadwall
American Wigeon
Cinnamon Teal
Green-winged Teal
Blue-winged Teal
Northern Shoveler
Northern Pintail
Canvasback
Redhead
Lesser Scaup
Ruddy Duck
Northern Harrier
American Coot
Virginia Rail
Sandhill Crane
American Avocet
Long-billed Curlew
Wilson’s Snipe
Wilson’s Phalarope
Short-eared Owl

Clutch size
______________________________________

Acronym

Total
number
nests

ANS
(%)

n

Mean

sx–

Range

EAGR
CAGO
MALL
GADW
AMWI
CITE
GWTE
BWTE
NOSH
NOPI
CANV
REDH
LESC
RUDU
NOHA
AMCO
VIRA
SACR
AMAV
LBCU
WISN
WIPH
SEOW

26
134
66
28
1
49
1
3
3
13
10
4
1
9
1
998
2
234
93
6
12
6
5

73.7
43.4
30.0
26.9
100.0
12.8
0
33.3
66.7
61.5
60.0
75.0
—
22.2
100.0
71.9
50.0
51.8
81.0
33.3
50.0
20.0
60.0

23
117
40
16
1
31
0
3
3
10
6
2
1
4
1
882
1
207
87
6
7
5
3

4.5
4.7
8.4
8.2
8.0
8.2
—
9.0
9.3
8.6
7.5
7.0
8.0
8.5
5.0
7.8
11.0
1.8
3.7
3.8
3.5
3.8
6.3

0.5
0.1
0.2
0.3
—
0.4
0
0.0
1.2
0.4
0.8
1.0
—
2.2
—
0.1
—
0.1
0.1
0.2
0.2
0.2
0.7

2–8
1–7
5–11
6–10
—
3–12
—
9
7–11
6–11
5–11
6–8
—
5–14
—
1–16
—
1–2
1–5
3–4
3–4
3–4
5–7

Fig. 3. Nest initiation and termination dates for 23 species nesting on 12 lakeshore fields at Grays Lake National
Wildlife Refuge during 1997–2000. Box plots show median (vertical line in box), 25th and 75th percentiles (shaded box),
10th and 90th percentiles (bars with whiskers), and outliers (dots). Refer to Table 1 for acronym definitions.
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Fig. 4. Initiation dates by year for nests of Canada Geese (CAGO), Mallards (MALL), American Coots (AMCO), Sandhill Cranes (SACR), and American Avocets (AMAV) at Grays Lake National Wildlife Refuge, Idaho, during 1997–2000.
Box plots show median (vertical line in box), 25th and 75th percentiles (shaded box), 10th and 90th percentiles (bars
with whiskers), and outliers (dots).

the last 2 years of the study than in the first 2
years. The nest-initiation period for this species
was markedly later and shorter in 2000 compared with other years, and longest and earliest in 1998. The American Avocet had a longer
nest-initiation period in 1997 than in 1999;
further consideration of annual variation in
nesting phenology is limited by the few avocet
nests found in 1999 and their absence in 2000.
Clutch Sizes
Mean clutch sizes are presented in Table 1
for each species. Sample sizes for nests of
Canada Geese, American Coots, Sandhill
Cranes, and American Avocets were large
enough to examine for differences among

years (Table 2). Clutch sizes of geese, cranes,
and avocets were similar among years (P >
0.05). Clutch size of coots varied among years
(F3,881 = 41.57, P < 0.001), declining between
1997 and 1999.
Nest Site Characteristics
Most nests were located in hydrophytic
vegetation or upland graminoids (Table 3). If
the large numbers of coot nests are excluded,
62% of nests occurred in upland vegetation
(upland graminoids, forbs, and low shrubs)
and 36% in wetland (hydrophytic) vegetation.
Nests of dabbling ducks occurred more often
in upland graminoids than in hydrophytes,
whereas all coot nests and all but 2 nests of
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TABLE 2. Annual clutch size (mean ± sx– ) for Canada Geese, American Coots, Sandhill Cranes, and American Avocets
nesting in 12 lakeshore fields at Grays Lake National Wildlife Refuge, Idaho, during 1997–2000.

Year
1997
1998
1999
2000

Canada Goose
___________________
n
Mean
sx–
36
39
21
21

4.58
4.59
4.71
4.90

0.24
0.25
0.27
0.31

American Coota
___________________
n
Mean
sx–
96
202
381
203

9.30
8.69
7.12
7.67

0.27
0.15
0.10
0.14

Sandhill Crane
___________________
n
Mean
sx–
49
62
52
44

1.84
1.92
1.87
1.95

0.05
0.03
0.05
0.03

American Avocet
___________________
n
Mean
sx–
48
26
13
0

3.63
3.81
4.00
—

0.14
0.12
0.00
—

aClutch size differed among years (P < 0.001).

diving ducks were in hydrophytes, reflecting
their use of overwater nest sites. Other species
nesting in upland graminoids or other upland
vegetation included Canada Goose, American
Avocet, Wilson’s Snipe, Long-billed Curlew,
Wilson’s Phalarope, and Short-eared Owl.
Dabbling ducks and Canada Geese occasionally were found nesting in low shrubs, which
were uncommon or absent in most fields.
Canada Geese and ducks also were reported
nesting on floating emergents, natural islands,
and on man-made features such as berms or
spoil piles. Eighteen nests of Canada Geese
(13%) and 3 of Sandhill Cranes (1%) were
found on muskrat lodges or mounds.
Nests of Eared Grebes, Virginia Rails, and
Redheads were initiated in the deepest water
(median >40 cm; Fig. 5). Many nests of Ruddy
Ducks, coots, and Canvasbacks were in water
20–40 cm deep. Nests of coots, cranes, and
geese occurred in a wide range of water depths
(0–80 cm). Twelve of the 21 species nested on
unflooded areas, including dabbling ducks, the
remaining shorebird species, and the Shorteared Owl.
Nest Success
Mean DSR for Canada Goose nests during
1997–2000 was 0.954 ± 0.005 (sx–; n = 127
nests), equivalent to Mayfield nest success of
21%. The mean DSR was lower in 1998 than
in other years but all confidence intervals
overlapped, indicating annual differences were
not significant (Fig. 6).
Mean DSR for dabbling duck nests over all
4 years was 0.938 ± 0.006 (n = 151), equivalent to Mayfield nest success of 11%. The
mean DSR was lower in 2000 compared to
other years, but the wide confidence intervals
indicate that differences among years were not
significant (Fig. 6). Among dabbling ducks,
nests of Mallards (n = 60), Cinnamon Teals (n

Fig. 5. Water depths (cm) at nests for 23 species, during
laying or early incubation, in 12 lakeshore fields at Grays
Lake National Wildlife Refuge, Idaho, during 1997–2000.

= 47), and Gadwalls (n = 24) were the most
common; other dabbler species included Northern Pintail (n = 12), Blue-winged Teal (n = 3),
Northern Shoveler (n = 3), American Wigeon
(n = 1), and Green-winged Teal (n = 1).
For all other species where we found >10
nests each year (Eared Grebe, Redhead, Canvasback, American Coot, Sandhill Crane, American Avocet, and Wilson’s Snipe), apparent
nest success was >50% (Table 1). We caution
that apparent nest success rates, particularly
for those species with low sample sizes, can
overestimate actual nest success rates when
nests are found relatively late in incubation
(Klett et al. 1986). More detailed evaluation of
nest success rates for Sandhill Cranes and
coots will be reported elsewhere.
DISCUSSION
The meadow and wetland habitats at Grays
Lake support a diversity of nesting wetland

n

19
134
66
28
13
1
3
49
3
1
9
4
1
9
1
998
2
234
93
6
12
6
5
325

Species

Eared Grebe
Canada Goose
Mallard
Gadwall
Northern Pintail
American Wigeon
Northern Shoveler
Cinnamon Teal
Blue-winged Teal
Green-winged Teal
Canvasback
Redhead
Lesser Scaup
Ruddy Duck
Northern Harrier
American Coot
Virginia Rail
Sandhill Crane
American Avocet
Long-billed Curlew
Wilson’s Snipe
Wilson’s Phalarope
Short-eared Owl
Overall
11.1
75.3
83.3
50.0
66.7
100.0
18.1

0.4

0.1

0.8

0.8

25.0
100.0

0.2

1.5

60.4
40.9
57.1
53.8
100.0
100.0
57.1
66.7
100.0

Upland
graminoids

0.1

6.7
1.5

Unvegetated

Annual
crop

1.1

1.2

0.4

4.1

0.4
1.1
16.7
8.3

6.1

7.5
14.3
7.7

Low shrubs
(<1 m)
3.0
9.1
10.7
15.4

Upland
forbs

0.1

0.4

0.7

Floating

19.6

16.7
16.7

56.8
23.6

23.1

25.0

10.2

15.4

16.4
6.1

Short emergent
hydrophytes
(<0.5 m)

37.0

16.7
16.7

22.0

8.3

27.3
50.0
8.6

88.9

44.4

55.6
50.0
11.1
100.0
49.2
50.0
20.9

2.0

76.9
6.7
10.6
3.6

Tall emergent
hydrophytes
(>1.0 m)

20.4
33.3

23.1
6.0
22.7
14.3
7.7

Medium
emergent
hydrophytes
(0.5–1.0 m)

TABLE 3. Proportion of nests occurring in each type of nest site vegetation for 23 species nesting in 12 lakeshore fields at Grays Lake National Wildlife Refuge, Idaho, during
1997–2000.
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Fig. 6. Daily nest survival rates ±95% confidence intervals and Mayfield nest success rates for Canada Goose and dabbling duck nests on 12 lakeshore fields at Grays Lake National Wildlife Refuge, Idaho, during 1997–2000. Numbers
above error bars represent number of nests in sample.

birds, including substantial numbers of American Coots, Sandhill Cranes, Canada Geese,
dabbling ducks, and American Avocets. The
dabbling duck group was dominated by Mallards and Cinnamon Teal, similar to waterfowl
communities in other wetlands of the central
Rocky Mountains (Williams and Marshall 1938,
Frary 1954, Peterson and Low 1977, Thornton
1982, Gilbert et al. 1996, Sanders 1997). The
American Avocet was the most numerous of
the 4 species of nesting shorebirds present.
Because the search area within each unit usually included relatively small areas of semipermanently and permanently flooded wetland
(generally <20% of field area), this study cannot adequately represent the nesting community in these more permanently flooded habitats, particularly the extensive interior marsh.
White-faced Ibis (Plegadis chihi), Franklin’s
Gull (Larus pipixcan), and Trumpeter Swan
(Cygnus buccinator) are known to nest in the
interior marsh and were recorded in the study
fields during breeding bird surveys, but they
do not nest in the lakeshore habitats.
Annual differences in nest numbers for some
of the more common species reflect the spatial
and temporal variability of waterbird nesting
in this montane wetland. In particular, numbers of nests found of Eared Grebes, Canada
Geese, and avocets declined over the 4 years
of our study. Eared Grebes are largely a colonial nesting species (Cullen et al. 1999), and

we suspect the small grebe colony (19 nests)
found in 1 field during 1997 moved into the
interior marsh in later years; the few nests found
in other years were solitary nesting pairs.
Declines in numbers of American Avocet nests
among years also are likely related to their
semicolonial nesting habits (Sordahl 1996, Robinson et al. 1997, this study). Research activity
might have affected avocet nest success within
a year (1-egg nests were prone to abandonment) and might have contributed to declines
in nesting activity in subsequent years (Robinson et al. 1997). However, density and occurrence of avocet colonies also are influenced by
year and habitat conditions (Robinson et al.
1997, Hötker 2000). We surmise that the greater
availability of temporary island or isolated
habitats due to high water levels in 1997 provided attractive and more secure nesting habitat to avocets; lower water levels in 1999 and
2000 would have exposed these sites to more
mammalian predator activity, and avocets may
have shifted their nesting sites elsewhere.
We suspect the decline in number of
Canada Goose nests is largely related to timing of nest searches. Many goose nests are initiated by mid-April (Steel et al. 1957, this study),
10–14 days before our 1st visual nest searches.
Thus, we probably missed nests that were lost
to predation early. We suspect such early nest
predation was low during 1997 and 1998 when
water levels were high and isolated many nests
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from mammalian predation. In 2000, however,
we found extensive evidence that low water
levels allowed mammalian predators access to
large areas of the wet meadow habitat and that
many early goose nests were depredated before
nest searching began in early May. Results of
concurrent breeding bird surveys (Austin et al.
2002) indicate that goose densities are not
influenced by year, unit, or treatment effects.
Therefore, we believe the apparent decline in
goose nest numbers during this study was due
to depredation of many nests before searches
started in 1999 and 2000. These changes in
numbers of nests found highlight the need for
multiyear studies and careful attention to nesting phenology relative to nest search efforts.
Comparative Nesting
Phenology
Comparisons of nesting phenology between
this and other studies conducted throughout
the West suggest some trends of later nest initiation at higher elevations, but they also indicate that phenology often is influenced by
annual variation in weather or habitat conditions. The most extensive data are available for
Canada Geese, ducks, American Coots, and
Sandhill Cranes; fewer data were found on
nest-initiation dates for avocets, and very few
were found for the other species considered
here. For most species, dates of earliest nests
seem quite variable within and among studies,
which is likely related to annual variation in
snowmelt, temperatures, and water conditions.
The nesting phenology of Canada Geese
seems most clearly related to elevation (Krohn
and Bizeau 1980:22, this study). Dates of peak
nest initiation vary by about 4 weeks: earliest
nesting (late March–1st week of April) occurs
at elevations <1600 m, and latest nesting (2nd
and 3rd weeks of April) occurs at elevations
≥1940 m. Krohn and Bizeau (1980) examined
the week of peak nest initiation of western
Canada Geese from 23 locations and found
elevation accounted for 50% of observed variation (simple linear regression, r2 = 0.50); unexplained variation was suspected to be related
to annual variation in temperatures, such as
that reported for Canada Geese nesting at
Hanford, Washington (Hanson and Eberhardt
1971:20).
For other species evidence of elevational
influence on nesting phenology is apparent
only where data are available for multiple sites
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of varying elevation within a state. In Arizona
mean or median nesting dates of Mallards,
Cinnamon Teal, and Gadwall at >2450 m are
usually 2–3 weeks later than those nesting at
lower elevations; annual variation within sites
also is apparent and likely related to weather
(Piest 1982, Gammonley 1996). Nesting phenology of coots seems to be influenced by both
latitude and elevation. The earliest nests at
Grays Lake, the northernmost area compared,
were initiated later than early nests in Colorado (1442–2500 m; Gorenzal et al. 1981, 1982),
Utah (1280 m; Ryder 1961), California (1230
m; Rienecker and Anderson 1960), or Washington (711 m; Hill 1988). In general, peak nesting for coots occurred earlier at sites <1600 m
elevation (late April–mid-May) compared with
nests at sites >1900 m elevation (last 3 weeks
of May–early June). Nest-initiation dates for
coots at Grays Lake were similar to those reported for Mountain Valley, Colorado (2425 m
elevation; Gorenzel et al. 1982), but later than
those at lower-elevation Plains (1446 m),
Western (1634 m), and Beebe Marsh sites in
Colorado (Gorenzal et al. 1981, 1982).
Limited data for avocets indicate that the
earliest nests at Grays Lake occur later (very
late April to mid-May) than at lower-elevation
sites in Utah (1440 m, 14 April; Sordahl 1981)
or Oregon (1270 m, 24 April; Gibson 1971).
However, peak and median nesting dates were
relatively similar among studies, during the
2nd and 3rd weeks of May (Oregon, Gibson
1971; Utah, Sordahl 1996; San Luis Valley, Colorado, M. Laubhan, USGS, Northern Prairie
Wildlife Research Center, personal communication; this study).
Annual variation in nesting phenology
apparent for all species is related to those influences affecting nest site conditions. Canada
Geese and Sandhill Cranes are usually the earliest of the waterbirds species, generally arriving
while the land is still snow- and ice-covered
and initiating nests as soon as snow disappears
from nesting areas (Dimmick 1968, Bellrose
1980, Ball et al. 2003, this study). Influences of
elevation for these early species therefore would
be closely related to snowpack and rapidity of
spring melt. Influence of snowpack is most
apparent for Greater Sandhill Cranes, which
seem to have the most consistent initiation
dates across study areas, elevations, and years.
Earliest nests occur between 10 and 20 April,
and peak nesting occurs during the last week
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of April to mid-May for cranes nesting in Minnesota (Dimatteo 1992, Provost et al. 1992),
Oregon (Littlefield and Ryder 1968, Stern et
al. 1987, Littlefield 2001), and Grays Lake (this
study). The earliest reported initiation dates
occurred at Malheur National Wildlife Refuge
(10 April; Littlefield and Ryder 1968) and Sycam
Marsh, Oregon (5 April; Stern et al. 1987); in
these areas snow accumulations are much lower
than at Grays Lake or Minnesota and therefore
nest sites would become snow-free earlier.
Temperature and precipitation influences
on nesting phenology for ducks in the Intermountain West are probably similar to those
described for ducks nesting in the Prairie Pothole region (Cowardin et al. 1985, Klett et al.
1988). At Grays Lake the nesting season of
Mallards was later and shorter during 1999
and 2000, when water conditions were markedly
lower than in 1997 and 1998. Species such as
the Cinnamon Teal, Gadwall, and American
Coot rely largely on new vegetative growth for
nesting cover and thus would be affected by
spring temperatures, through influence on vegetative growth. Precipitation or water levels
may also influence nesting indirectly through
effects on vegetative cover and secure nesting
sites. Sordahl (1996) reported that the nesting
season of avocets in northern Utah was 2
weeks later in 1977 than in 1978, most likely a
response to drought and low-water conditions.
Peak nesting of avocets there was during June
1977, and from the last week of April through
May 1978. In comparison, the main nesting
period for avocets at Grays Lake was mid- to
late May 1997 (wettest year) and early May
1998, despite cooler April–May temperatures
and continued good water conditions.

[Volume 64

this study (4.7 eggs) was somewhat lower than
that cited for Grays Lake during 1949–1951
(5.2 eggs; Steel et al. 1957) and for other studies of western Canada Geese (5.1–8.5 eggs;
Krohn and Bizeau 1980). Overall mean clutch
size of American Coots in this study (7.8 eggs)
was similar to that of coots breeding at high
altitudes (>2000 m) in Colorado (7.5 ± 2.2
eggs; Gorenzel et al. 1982) and fit the pattern
suggested there that clutch size declines with
altitude.
Nest Site Characteristics
Dabbling ducks and shorebirds were most
commonly found in upland habitats, and many
of their nests were initiated on unflooded sites.
Although one-third of Mallard and Cinnamon
Teal nests were located in hydrophytic vegetation, most were unflooded; only Gadwall nests
were found in water >10 cm deep. Similar to
our findings for nest sites of dabbling ducks,
Steel (1952) reported that 76% of dabbling
ducks nested in upland habitats and about half
of the Mallard nests occurred in cattail-bulrush habitat (overwater nests). During that
earlier period (1949–1951), however, most nests
of Canada Geese were found in marsh habitat
or on muskrat houses, and only 1 was recorded
as a “field” nest (Steel et al. 1957). Differences
in nest sites between these 2 studies are due
in part to the greater search effort in the interior marsh by Steel et al. (1957). However, geese
may have shifted to greater use of upland nest
sites as availability of muskrat houses declined;
since 1949–50, muskrat populations at Grays
Lake have declined from 8000 (Williams 1950)
to <3000 today (GLNWR unpublished data).

Comparative Clutch Size

Comparison of Nest
Success Rates

Clutch sizes for most species were within
the range reported in Bellrose (1980) or the
various Birds of North America (BNA) species
accounts (Birds of North America, Inc., Philadelphia, PA). Clutch size of Eared Grebes in
this study was higher than that reported for 2
areas in British Columbia (3.4 eggs, McAllister
1958; 3.1–3.3 eggs, Breault 1990) and the general average cited in the BNA account (3.0
eggs; Cullen et al. 1999). Although our sample
size was small (n = 23), apparently large clutch
size invites further investigation into nesting
ecology and productivity of this species at
Grays Lake. Clutch size of Canada Geese in

The apparent nest success rates for Canada
Geese in our study were lower than those
reported for other breeding areas for western
Canada Geese historically (average of 72% for
10 studies in marsh habitat; Krohn and Bizeau
1980) as well as more recently (69%, Fish
Springs, UT, Stolley et al. 1999; 87%, Cutler
Marsh, UT, U.S. Geological Survey unpublished
data). Rates were about half that reported by
Steel et al. (1957) for Grays Lake during 1949–
1951 (43% vs. 68%). However, our data were
limited to lakeshore habitats and did not include
the interior marsh, unlike data in Steel et al.
(1957); nests at Fish Springs and Cutler Marsh
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also were largely in cattail-bulrush marshes or
otherwise isolated by water. Decline in nest
success at Grays Lake probably also reflects
changes in nest site availability and the predator
community (Austin et al. 2002). With fewer
muskrat houses available for nest sites, as noted
above, geese may have shifted to greater use
of areas that are dry or temporarily flooded in
spring, where they are more vulnerable to
mammalian predation. Ground nests of Canada
Geese are vulnerable to mammalian predators
and have lower nest success rates than those
nesting on platforms (51% vs. 86%; Stolley et
al. 1999). At Grays Lake upland nest sites often
were isolated from contiguous mainland by
shallow flooding during April, but in 1999 and
2000 low-water conditions during early spring
exposed many goose nests to increased access
by mammalian predators, and many depredated
nests were found during the 1st nest searches
in 2000. Actual rates of nest success probably
were substantially lower in 2000 than recorded.
Apparent nest success rates for dabbling
ducks at Grays Lake during this study are
lower than those reported in other studies in
the Intermountain West (28% vs. 40%–50%;
Steel et al. 1956, Ryder 1961, Enright 1971,
Jarvis and Harris 1971, Clark 1977, Thornton
1982, Gilbert et al. 1996). Equivalent or lower
nest success in other studies was often reported
for 1 year of multiyear studies (Spencer 1953,
Ryder 1961, Jarvis and Harris 1971, Thorton
1982). Morever, duck nest success at Grays
Lake has declined from 68% during 1949–
1951 (Steel et al. 1956) to 28% (our study).
Part of the decline may be attributable to differences in habitats searched because the earlier study included many nests in cattail-bulrush
(overwater) habitats. More direct comparisons
are possible for Cinnamon Teal and Gadwall
nesting in upland and lakeshore habitats that
were searched both by Steel et al. (1956) and
this study; our study found substantially lower
rates of apparent nest success (Cinnamon Teal,
13% vs. 58%; Gadwall, 27% vs. 80%). We believe
the decline in nest success of dabbling ducks
primarily relates to changes in the predator
community (Austin et al. 2002), most notably
in the introduction of red fox (Vulpes vulpes).
This predator was first sighted in the valley
during 1970 and was commonly observed in
lakeshore habitats during our study.
Annual rates of apparent nest success for
Sandhill Cranes during 1997–2000 ranged
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from 51% to 78%. These rates are lower than
apparent nest success rates reported for Grays
Lake for 1949–1951 (90%; Steel 1952), 1970–71
(78%; Drewien 1973), and 1977–1989, a period
of intensive predator control (94%; Drewien
and Bizeau 1990). Water-level management at
Grays Lake has not changed over this time
period, and spring water levels during 1969–
70 (GLNWR unpublished data) were very similar to those during 1998 and 1999, suggesting
flooding conditions were generally similar. We
have no evidence of marked change in habitat
conditions. We suspect changes in the predator community have also contributed to the
decline in nest success for Sandhill Cranes.
Apparent nest success rate for avocets at
Grays Lake was >2 times higher than that
found in Cache County, Utah, during 1977–78
(81% vs. 34.8–36.4%; Sordahl 1996) and in the
San Luis Valley, Colorado (69%), during 1995–96
(M. Laubhan personal communication). Sordahl
(1996) attributed 57% of nest losses to predation of the nest and an additional 11% to
depredation of the incubating adult; suspected
predators were similar to those present at
Grays Lake (red fox, striped skunk [Mephitis
mephitis], long-tailed weasel [Mustela frenata],
larids, and corvids). Results from Sordahl
(1996) and our study indicate that sparse vegetation and island-like conditions (i.e., isolation
from contiguous upland by water) would provide the best habitat conditions for successful
avocet nesting. Interestingly, we had higher
nest densities in the experimental units during
1997–98, when all units were idled, and few
or no nests in grazed or burned units even
though the shorter vegetation conditions should
have been more attractive in 1999–2000, after
9 of the 12 units were burned or grazed. This
suggests water conditions are a key factor in
attracting nesting avocets.
Regional Role of Grays Lake
for Waterbird Production
Lakeshore habitats of GLNWR provide
valuable habitat for nesting waterbirds in the
northern Rocky Mountains, particularly for
Canada Geese, ducks, Sandhill Cranes, and
coots. In some years, these habitats also support substantial numbers of nesting avocets.
Grays Lake is considered a significant breeding area for Canada Geese (Krohn and Bizeau
1980), Sandhill Cranes (Drewien and Bizeau
1974), and ducks (Steel et al. 1956). The value
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of Grays Lake and its lakeshore habitats for
other waterbirds is difficult to assess because
comparable information for other breeding
areas in the central Rocky Mountains is sparse.
Moreover, within Grays Lake we have little
good information about nesting in the interior
marsh and no information on actual recruitment
for any species other than Sandhill Cranes
(Drewien 1973, Ball et al. 2003).
Relatively low abundance of nests and low
to moderate nest success of Canada Geese and
dabbling ducks suggest the lakeshore habitats
at Grays Lake are not highly productive for
waterfowl. Waterfowl production at Grays
Lake may be sustained in part by higher success of overwater nests in the interior marsh,
but only geese, Mallards, and diving ducks
commonly nest in the interior marsh (M. Fisher,
U.S. Fish and Wildlife Service, GLNWR, personal communication). We attribute the low
abundance and nest success of dabbling duck
nests in lakeshore habitats largely to the poor
quality of nesting cover available in spring,
which reduces the attractiveness of the areas
to nesting females and the concealment of early
nests from predators. Most graminoid vegetation in the lakeshore habitats is not robust
enough to withstand the pressures of the heavy
annual snowpack. By spring most residual
vegetation is compacted into a dense, damp
mat underlain by ice into which early-nesting
birds would have to burrow to establish overhead cover at a nest site; only bulrush and cattail retain some standing cover. C. Mitchell
(U.S. Fish and Wildlife Service, GLNWR, personal communication) reported similar conditions of nesting cover and similar low levels of
nest abundance of upland-nesting ducks at
Red Rocks NWR, a large, montane wetland system in southwest Montana. Moreover, structure
of residual vegetation in fields that had been
idled 3–7 years appears quite similar to that in
fields that had been grazed or burned the previous year (personal observations), suggesting
idling would yield little improvement for nesting ducks. Because grasslands and meadows
around montane wetlands like Grays Lake and
Red Rocks NWR in the northern Rocky Mountains often do not support an abundance of
robust native grasses, attractiveness and productivity of upland and wet meadow habitats
around montane wetlands for ducks may be
limited until late spring, when new vegetation
provides sufficient cover.
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VEGETATION RESPONSE TO FIRE AND POSTBURN
SEEDING TREATMENTS IN JUNIPER WOODLANDS OF THE
GRAND STAIRCASE–ESCALANTE NATIONAL MONUMENT, UTAH
Paul Evangelista1,4, Thomas J. Stohlgren2, Debra Guenther1, and Sean Stewart3
ABSTRACT.—We compared 3 naturally ignited burns with unburned sites in the Grand Staircase–Escalante National
Monument. Each burn site was restored with native and nonnative seed mixes, restored with native seeds only, or regenerated naturally. In general, burned sites had significantly lower native species richness (1.8 vs. 2.9 species), native
species cover (11% vs. 22.5%), and soil crust cover (4.1% vs. 15%) than unburned sites. Most burned plots, seeded or
not, had significantly higher average nonnative species richness and cover and lower average native species richness
and cover than unburned sites. Regression tree analyses suggest site variation was equally important to rehabilitation
results as seeding treatments. Low native species richness and cover, high soil C, and low cover of biological soil crusts
may facilitate increased nonnative species richness and cover. Our study also found that unburned sites in the region
had equally high cover of nonnative species compared with the rest of the Monument. Cheatgrass (Bromus tectorum)
dominated both burned and unburned sites. Despite the invasion of cheatgrass, unburned sites still maintain higher
native species richness; however, the high cover of cheatgrass may increase fire frequency, further reduce native species
richness and cover, and ultimately change vegetation composition in juniper woodlands.
Key words: Juniperus osteosperma, fire, postburn seeding, nonnative species, Bromus tectorum, biological soil crusts,
regression tree analysis.

Juniper Woodland Communities
Utah juniper ( Juniperus osteosperma) occurs
on approximately 80% of the more than 780,000
ha that form the Grand Staircase–Escalante
National Monument (hereafter referred to as
the Monument) in southern Utah. Often associated with pinyon pine (Pinus edulis) and big
sagebrush (Artemisia tridentata), juniper commonly inhabits intermediate areas between
xeric shrubland, relatively mesic coniferous
forests, and grass-dominated environments on
a variety of soil types and geologic formations
(West and Van Pelt 1986, Evans 1988, Welsh
et al. 1993). In the more xeric portion of its
range, at lower elevations in the Monument,
juniper stands tend to be more homogeneous,
while pinyon increases proportionally with
elevation (Welsh et al. 1993). Climate, corresponding with elevation, appears to be the
greatest determinant affecting juniper distribution and may greatly influence tree size and
stand structure (Peiper 1977, Welsh et al. 1993).
Herbaceous vegetation assemblages associated with juniper woodlands are highly variable

and are often influenced by a range of conditions such as elevation, soil characteristics, and
land use practices. These conditions are difficult to generalize because juniper woodlands
occupy a diverse array of landscapes. Herbaceous composition is also influenced by stand
density, with species richness greatest prior to
juniper establishment and decreasing as trees
become mature and the canopy closes (Peiper
1977, Koniak and Everett 1992). These succession stages portray general patterns observed
within natural systems; however, they do not
accurately reflect the complexity of how multiple variables, such as the impacts of nonnative
plant species, land use practices, and management, drive successional processes and patterns
(Everett et al. 1983).
Biological soil crusts are common throughout the Monument, are closely associated with
juniper woodlands, and may play a significant
role in determining the composition of herbaceous vegetation. Concentrated in the top 1 mm
of soil, they primarily affect processes that occur
at the soil surface and a few processes deeper

1Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO 80523.
2Fort Collins Science Center, U.S. Geological Survey, 2150 Centre Ave., Building C, Fort Collins, CO 80526.
3Grand Staircase–Escalante National Monument, 318 North 100 East, Kanab, UT 84741.
4Corresponding author.
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in the soil. Soil crusts provide several crucial
functions in semiarid ecosystems, including soil
stability, atmospheric-N fixation, water retention, and germination enhancement (Anderson
et al. 1982, West 1990, Belnap 1993, Belnap and
Harper 1995). Despite adaptations to severe
growing conditions, they are extremely vulnerable to trampling and compaction commonly
related to anthropogenic activities (Belnap
1998). Following compaction, Anderson et al.
(1982) observed that soil crusts regenerate only
15% of their original area in the first 14–18
years and only an additional 1% during the following 20 years. Such disturbances may reduce
nitrogenase activity by 30%–100%, result in
decreased water availability to vascular plants,
accelerate soil loss through wind and water
erosion, and decrease diversity and abundance
of soil biota (Anderson et. al. 1982, Belnap 1995,
Belnap and Gillette 1998).
Fire
In the Monument the role of fire in juniper
woodlands and its effect on vegetation dynamics are poorly understood due to few historical
records and limited scientific research. Because
of their thin, volatile bark and lack of defense
mechanisms, junipers are extremely sensitive
to fire. When junipers are exposed to fire,
burning is usually complete, leaving little evidence to reconstruct fire histories (Young and
Evans 1981, Agee 1993). Within the Monument, fire frequency in juniper woodlands is
generally low and the spatial extent of burns is
small, both appearing to be highly dependent
on stand density and associated vegetation
(fuel loads).
Lightning storms in spring and midsummer
provide a ready source of ignition. Large fires
occasionally occur in mature stands where sufficient fuel loads are present and weather conditions are conducive to fire. Such fires are
likely to be high-intensity burns often facilitated by the presence of dead and highly flammable vegetation. Seasonal occurrence of fire in
the Monument is greatest from late July through
August. A combination of factors occurring at
this time of year creates ideal circumstances
for fire. First, most herbaceous vegetation is
past its phenological peak, becoming dormant
or dying. As mortality increases, accumulated
litter and standing dead plants provide fuel
for fire to spread. Second, weather conditions
change dramatically during summer months.
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Moisture levels, which are at their lowest, result
in plant mortality and create an extremely dry
and flammable landscape. The combination of
frequent lightning, strong winds, and accumulation of dry fuels can create conditions favorable for fire.
Introduction of nonnative plant species further complicates ecological processes and can
cause major changes in fire regimes. Nonnative species, such as cheatgrass (Bromus tectorum), have already invaded much of the landscape within the Monument (Stohlgren et al.
2001). An important factor contributing to the
success of cheatgrass establishment is its tolerance to fire. Hull (1965) estimated that rangeland dominated by cheatgrass is 10–500 times
more likely to burn than rangeland dominated
by native bunchgrasses, and that the fire season in cheatgrass-dominated rangeland may
be extended by 1 to 3 months. The estimated
increase in fire frequency is attributed to the
accumulation of litter and fine fuels in dense
cheatgrass-dominated systems. Arid conditions
inhibit decomposition, allowing plant biomass
to accumulate over several years. The abundance of cheatgrass seeds in the seedbank and
their prolific germination capabilities allow
rapid establishment following fire (Stewart and
Hull 1949, Knapp 1996).
Management Directives
Prior to the Monument designation, juniper
woodlands were managed in part for fuelwood,
fence post production, and livestock grazing
by the Bureau of Land Management (BLM).
Fire, both natural and prescribed, has been
used as a tool to maintain or improve rangeland conditions and control juniper expansion.
Burned sites have been seeded with native
and nonnative grass species to increase forage
production for wildlife and livestock. Since the
creation of the Monument on 18 September
1996 (Presidential Proclamation 6920), resource
managers have had to consider additional objectives when making decisions regarding the
maintenance of natural ecosystems, the role of
fire, and the restoration of disturbed landscapes.
Natural ignited fires have been allowed to burn
without suppression whenever possible across
the landscape. Postburn rehabilitation activities are evaluated on a case-by-case basis as
mandated by the Vegetation Management Objectives of the Monument (USDI 1999). These
objectives must take into consideration (1) the
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structure and diversity of vegetation prior to
burning and (2) the presence of noxious weeds
in the area and the likelihood of such weeds
increasing as a result of the fire. The use of
native species in seeding operations is a priority for all Monument projects; however, nonnative species may be used for stabilization of
soils or for seeding treatments after burning if
the area is threatened by species with high
invasive potential (USDI 1999).
In addition to restoring native vegetation
and discouraging nonnative species invasion,
Monument resource managers must also consider the impact of fire and seeding treatments
on biological soil crusts. Evangelista et al. (2001)
found that fire in juniper woodlands of the
Monument substantially decreased the cover
of soil crusts, especially the older and highly
developed pedicles that are more vulnerable
to heat exposure. The remaining nonliving
pedicles, if left undisturbed or untrampled,
may stay structurally intact and continue to
provide soil stability and increase moisture
and nutrient retention (Belnap and Gardner
1993). Within 3 years after a fire, regeneration
of new crusts begins rapidly and, as early as 10
years after fire, crusts may occupy an area equal
to the total crust cover at preburn conditions.
However, when mechanized equipment, such
as tractors and drill-seeders, is used for postburn seeding treatments, the nonliving pedicles
and surviving biological crusts are destroyed
and regeneration of crusts is suppressed (Evangelista et al. 2001).
Management strategies and land use practices over the past century have undoubtedly
altered the community structure and ecosystem processes, resulting in the modification of
fire regimes (Everett and Sharrow 1985), encroachment of juniper woodlands (Harry Barber personal communication), reduction of
native herbaceous vegetation, and invasion of
nonnative plant species (Stohlgren et al. 2001).
Restoration treatments in the Monument, such
as postburn seeding, are designed to restore a
natural array of native plant and animal associations (USDI 1999). However, many treatments
have not been carefully surveyed and monitored. Monument managers have been unable
to distinguish which variables affect the success or failure of postburn seeding. This study
examines multiple variables that influence the
success or failure of restoration following fire
and postburn seeding. The goal of this research
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is to provide resource managers with scientific
data to support and guide decisions that will
comply with the objectives outlined in the
Monument’s Management Plan (USDI 1999),
including the protection and promotion of
native plant species and soil crusts.
STUDY AREA AND METHODS
Study Area
The Buckskin Mountain study area is in the
south central part of the Monument, just south
of Highway 89 and east of the Cockscomb
Wilderness study area. Elevations of the study
area range between 1645 m and 1830 m. Juniper
woodlands dominate the area, but patches of
big sagebrush and cliff-rose (Purshia mexicana)
are prevalent. Soils are of limestone parent
materials. Surface textures are gravelly, sandy
loam with gravelly, sandy loam, and clay loam
subsurfaces (Chapman 1996, 1997). Topography of the study area is relatively flat with
slopes consistently less than 3%. The Buckskin
Mountain study area lies within the Mollie’s
Nipple grazing allotment. Grazing of domestic
cattle is permitted during winter months but
is minimal due to the distance from water
sources (Chapman 1996).
We examined 3 natural ignition burn sites
in the Buckskin Mountain study area (Fig. 1).
The burns occurred on 14 July 1996, 20 July
1997, and 1 August 1998. Each site has been
subjected to a unique postburn management
strategy. The 1996 burn, approximately 140 ha
in size, was seeded with native and nonnative
seeds the following spring (Table 1). The 1997
burn also covered an area of approximately
140 ha. In October 1997, two different native
seed mixes were applied to the east and west
sides of the burned area (Table 1). Seeds on
the 1996 and 1997 sites were applied using a
rangeland drill pulled by a bulldozer (Chapman 1996, 1997). The 1998 burn covered an
area of approximately 445 ha. Approximately
one-third of this fire overlapped the 1996 burn
area. The 1998 burn area received no postburn
seeding treatment.
Sampling and Data Analyses
Three multiscale sample plots were randomly
established within each burned site, burned/
seeded site, and adjacent unburned sites in April
and May 2000. Due to logistical constraints,
we chose only 2 unburned sites, 1 outside the
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Fig. 1. Map of Buckskin Mountain study area and modified-Whittaker plot location, Grand Staircase–Escalante
National Monument, Utah.

perimeter of the 1996/1998 fires and another
for each of the two 1997 seeded burn sites.
The modified-Whittaker nested vegetation design (Stohlgren et al. 1995) was used to collect
species data at multiple spatial scales. Each
plot included ten 1-m2 subplots. In each subplot we recorded percent foliar cover for each
species, percent cover of biological soil crusts
by developmental stages, and percent bare
soil without crusts. A 2.5-cm-diameter soil
corer was used to take 5 soil samples at each
corner and at the center of each plot at depths
of 0–15 cm and combined to be representative
of the entire modified-Whittaker plot. Ancillary data, such as UTM location from a global
positioning system, elevation from a USGS
topographical map, slope, and aspect, were also
recorded for each plot.

We identified plant specimens in the field
to genus and species. Unknown specimens
were collected, pressed, and later identified at
Brigham Young University Herbarium in Provo,
Utah. Origins of plant species were determined
using the National Plants Database (USDA
NRCS 2001) and A Utah Flora (Welsh et al.
1993).
Soil samples were analyzed at the Natural
Resource Ecology Laboratory, Colorado State
University, Fort Collins, Colorado. Samples
from each plot were air-dried for 48 hours,
after which biotic debris and particles >2 mm
were removed using a standard #10 sieve.
Samples were then ground using a roller mill
and oven-dried at 55°C for 48 hours prior to
analyses. Percent total carbon and nitrogen was
analyzed using a LECO-1000 CHN Analyzer
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TABLE 1. Seed mixes of each burn applied by a mechanized drill-seeder. Nonnative species are highlighted in bold
print and species captured in our modified-Whittaker plots are noted with *.
Seed mix for 1996 burn

Seed mix for 1997 East burn

Seed mix for 1997 West burn

cliff-rose
(Purshia mexicana)
four-wing saltbush
(Atriplex canescens)*
Wyoming big sagebrush
(Artemisia tridentata)
kochia
(Kochia scoparia)
small burnet
(Sanguisorba minor)*
yellow sweetclover
(Melilotus officinalis)*
crested wheatgrass
(Agropyron cristatum)*

thickspike wheatgrass
(Elymus lanceolatus)
Indian ricegrass
(Stipa hymenoides)*
needle and thread
(Stipa comata)*
blue bunch wheatgrass
(Elymus spicatus)*
Lewis flax
(Linum perenne spp. lewisii)*
Palmer penstemon
(Penstemon palmeri)*
cliff-rose
(Purshia mexicana)*
four-wing saltbrush
(Atriplex tridentata)*
antelope bitterbrush
(Purshia tridentata)

thickspike wheatgrass
(Elymus lanceolatus)
Indian ricegrass
(Stipa hymenoides)*
blue bunch wheatgrass
(Elymus spicatus)*
Lewis flax
(Linum perenne spp. lewisii)*
four-wing saltbush
(Atriplex canescens)*
Wyoming big sagebrush
(Artemisia tridentata)*
antelope bitterbrush
(Purshia tridentata)

(Carter 1993). Inorganic carbon from carbonates was determined using a volumetric method
described by Wagner et al. (1998) and subtracted from total carbon to find percent total
organic carbon. Soil phosphorus content (mg ⋅
kg –1 of soil) was determined colormetrically
from a sodium-bicarbonate extraction (Kou
1996). Additionally, each sample was analyzed
for texture based on the standard hydrometer
method (Gee and Bauber 1986).
All statistical analyses were conducted using
SYSTAT v. 10 (SPSS, Inc. 2001) software, and
P < 0.05 was used to determine significance
in all tests. Variables were first reviewed for
normality and log transformations were conducted to skewed data distributions. We calculated the mean number and percent cover of
vegetation by species, the percent cover of biological soil crusts by developmental stage, and
the total cover of vegetation of each of the 1-m2
subplots. Two-way analyses of variance (ANOVA)
were used with Tukey’s means comparison
test to compare variables for each burned and
associated unburned site for the 1-m2 subplots.
Discriminant analyses were conducted to see
if plots in the unburned sites were distinguishable from all plots that were burned or burned
and seeded.
Regression tree analyses were conducted to
identify significant independent variables that
influence high numbers of nonnative species
and cover (the predicted variable) on burned
and unburned sites. We chose this approach

because regression trees are nonparametric
models that incorporate categorical variables
(e.g., disturbance type, crust development) and
nonhomogeneous data sets (e.g., unbalanced
sample sizes, high variability). Additionally, regression trees are able to identify interactions
between independent variables, ranking the
relative importance of predicted variables in a
hierarchical format without inferring causeand-effect relationships. Finally, regression tree
analyses present resource managers with a
comprehensive output that describes the relationships of multiple independent variables,
thus facilitating the understanding and use of
results by a broader array of resource managers and stakeholders (Hansen et al. 1996).
We generated regression trees based on 6
independent variables: (1) number of native
species, (2) percent cover of native species, (3)
disturbance class (1 = burned; 2 = unburned),
(4) total cover of soil crusts, (5) soil nitrogen,
and (6) soil phosphorous. Proportion Reduced
Error values (PRE), which are similar to R2
values, were generated to describe the amount
of variation explained by the independent
variables in the model (Hansen et al. 1996).
RESULTS
1996 Burn Site
We encountered 26 native and 9 nonnative
species in our plots within the burn site. Of 35
species detected, 2 natives and 3 nonnatives
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TABLE 2. Mean number of vegetation species and percent cover, and biological soil crusts of 1-m2 subplots within
burned and unburned sites. Standard errors in parentheses and significant differences are noted by *.
Total
spp.

Nonnative
spp.

Native
spp.

Total
cover

Nonnative
cover

Native
cover

Crusts
cover

1996 burn / native and
exotic seed
1996/1998 unburned sites
P-value

4.4 (0.3)
3.7 (0.3)
<0.1

3.0 (0.2)
0.8 (0.08)
<0.001*

1.4 (0.2)
2.9 (0.3)
<0.001*

17.4 (1.4)
29.6 (5.9)
0.05*

14.8 (1.5)
1.2 (0.4)
<0.001*

2.7 (1.0)
28.5 (5.8)
<0.001*

1.9 (0.6)
28.4 (5.3)
<0.001*

1997 West burn / native seed
1997 East burn / native seed
P-value

3.2 (0.2)
4.1 (0.3)
0.009*

1.6 (0.1)
1.1 (0.07)
<0.001*

1.6 (0.2)
3.0 (0.3)
<0.001*

25.6 (2.5)
27.5 (2.5)
0.59

12.2 (1.5)
4.7 (0.7)
<0.001*

13.4 (2.5)
22.8 (2.6)
0.01*

0.6 (0.1)
3.2 (0.9)
<0.001*

1997 East burn / native seed
1997 unburned sites
P-value

4.1 (0.3)
4.0 (0.2)
0.84

1.1 (0.07)
1.1 (0.08)
0.76

3.0 (0.3)
2.9 (0.9)
0.75

27.5 (2.5)
36.9 (4.2)
0.06

4.7 (0.7)
20.4 (3.3)
<0.001*

22.8 (2.6)
16.5 (2.4)
0.080.06

3.2 (0.9)
1.3 (0.4)

1997 West burn / native seed
1997 unburned sites
P-value

3.2 (0.2)
4.0 (0.2)
0.004*

1.6 (0.1)
1.1 (0.08)
0.001*

1.6 (0.2)
2.9 (0.9)
<0.001*

25.6 (2.5)
36.9 (4.2)
0.02*

12.2 (1.5)
20.4 (3.3)
0.03*

13.4 (2.5)
16.5 (2.4)
0.04*

0.6 (0.1)
1.3 (0.4)
0.1

1998 burn / natural regeneration
1996/1998 unburned sites
P-value

2.9 (0.2)
3.7 (0.3)
0.07

1.5 (0.1)
0.8 (0.08)
<0.001*

1.4 (0.2)
2.9 (0.3)
<0.001*

12.7 (1.1)
29.6 (5.9)
0.01*

7.5 (0.8)
1.2 (0.4)
<0.001*

5.2 (1.1)
28.5 (5.8)
<0.001*

10.4 (2.8)
28.4 (5.3)
0.02*

Indices

were seeded during the postburn treatment.
The average number of nonnative species found
in our 30 subplots was twice as great as the
number of native species (Table 2). Average
vegetation cover was 5 times higher for nonnative species than native species. Cheatgrass
had the highest average percent cover (8.6%)
in burned sites and 42% of total vegetation
cover. Crested wheatgrass (Agropyron cristatum, a seeded nonnative) had the 2nd highest
percent cover (3.9%) and 22% of total vegetation cover. Biological soil crusts averaged 1.9%
cover.
Unburned plots had 28 native and 2 nonnative species. In our subplots the number of
native species was 3 times greater than nonnative. Average percent cover of native species
was almost 25 times higher than average cover
of nonnative species (Table 2). Juniper represented 19.8% cover per subplot and 66% of
total vegetation cover. Big sagebrush had the
2nd highest ranking of 5.6% cover and 18% of
total vegetation cover. Cheatgrass ranked 3rd
in cover, but it averaged only 1.2% cover and
14% of total vegetation cover in the unburned
plots. Biological soil crusts averaged 28.4%
cover in the unburned plots.
Species richness was significantly greater
(P < 0.001) in 1996 burned plots than in unburned plots. Of the total number of species,
25% were nonnative in burned plots, com-

pared with 6% in unburned plots. Our analyses also revealed that the burned site had significantly higher mean nonnative cover (P <
0.001) than the unburned site and, in fact, had
the highest mean of all our study sites.
1997 Burn Site
We sampled in each of the 2 seeded treatments (east and west sides). Each side of the
burn was considered a separate test site
because of variation in the 2 seed mixes and
the different responses to seeding treatments.
The East site had a total of 26 native species
and 4 nonnative species. Of the native species,
7 were seeded in the postburn treatment.
Subplots were dominated by native species,
averaging almost 3 times more than nonnatives (Table 2). Mean percent cover for native
species was almost 5 times higher than for
nonnative. Cheatgrass had the greatest average percent cover (9.1%) and 42% of total vegetation cover. Smallflower globemallow (Sphaeralcea parvifolia, a native species) ranked 2nd,
averaging 7.1% and 26% of total vegetation
cover. Biological soil crusts averaged 3.2% of
total cover compared with just 1.3% in unburned sites.
The West site had 24 native species and 5
nonnative species. Of the native species recorded, 5 were seeded during the postburn
treatment. An average of 3.2 species was found,
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with an equal number of native and nonnative
species (Table 2). Mean percent cover was also
similar between native and nonnative species.
Smallflower globemallow had the highest average percent cover (13.1%) and 51% of total
vegetation cover. Broom snakeweed (Gutierrezia sarothrae) ranked 2nd in average percent
cover (6.2%) and 24% of total vegetation cover.
The 3rd-ranking species was cheatgrass, averaging 4.5% and 21% of total vegetation cover.
Biological soil crusts averaged 0.6% cover.
Unburned sample plots for both the East
and West burns had a total of 28 native species
and 3 nonnative species. The mean number of
native species found in our subplots was 3 times
higher than the mean number of nonnative
species found. Average percent cover of nonnative species was slightly higher than native
species. Cheatgrass had the highest average
percent cover of 19.6% and 51% of total vegetation cover, outranking 2nd-place big sagebrush at 10.8% and 26% of total vegetation.
At the subplot scale there were no significant differences of species richness between
the East burn and the unburned plots. Mean
percent cover of native species was also similar between the 2 sites; however, mean percent cover of nonnative species was significantly lower in the East burn than in the
unburned area. To the contrary, the West burn
had fewer total species (P = 0.004) and native
species (P < 0.001) and more nonnative species
(P = 0.001) compared with unburned plots.
There were no significant differences in total
percent cover of biological soil crusts between
the unburned site and the East (P = 0.7) or
the West burn site (P = 0.13).
Despite similarities in seed mixes of the 1997
East and West sites, the mean total species
was significantly greater (P = 0.009) on the
East site, which also had higher species richness (P < 0.001) and mean percent cover (P =
0.01) of native species than the West site.
Additionally, the East site had lower nonnative
species richness (P < 0.001) and mean percent
cover (P < 0.001) compared with the West
site. Cover of biological soil crusts was significantly lower in the West sites; however, it
should be noted that crust cover was unusually low in the unburned sites.
1998 Burn Site
Five of 30 species found in the burned site
were nonnative. The subplots averaged 2.9
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species, half of which were native species and
half nonnative (Table 2). Mean vegetation cover
was slightly higher for nonnative species.
Cheatgrass had the highest average percent
cover of 7% and 55% of total vegetation cover.
Smallflower globemallow had the 2nd highest
average of 2.9% and 22% of total vegetation
cover. Cover of biological soil crusts averaged
10.4% cover.
Species richness was slightly higher in unburned than in burned plots (Table 2). On
average, burned plots had almost twice as
many nonnative species as unburned plots (P
< 0.001) and only half as many native species
(P < 0.001). Similarly, average nonnative species
cover was significantly higher in burned plots
(P < 0.001), and native species cover significantly lower (P < 0.001) than in unburned
plots. Biological soil crust cover was almost 3
times greater in unburned than in burned
plots (P < 0.02).
Comparing Burned
and Unburned Sites
We documented several differences between
burned and unburned plots. Native species
richness, percent cover of native species, and
total crust cover were higher on unburned
plots than burned plots (Table 3). The 1st regression tree, generated to identify critical factors that influence the number of nonnative
species in all plots (burned and unburned sites
combined), identified 6 independent variables,
or splits, that support nonnative species richness (Fig. 2). In the 1st split, cover of native
species is negatively correlated with high nonnative species richness and is predicted to be
the most influential variable by the model. Fire
or fire and seeding treatments was the 2nd
most influential variable we tested, followed
by soil C and average number of native species
present. The model suggests the highest number of nonnative species occurs when native
species cover is low and richness is high, the
site is burned, and soil C is high. These variables predict about 63% (PRE = 0.63) of the
variation.
The 2nd regression tree generated for all
plots was conducted to predict the variables
that most influence the ratio of nonnative
species cover to total vegetation cover (Fig. 3).
Our analysis suggests that low native species
richness facilitates higher proportions of nonnative cover and that nonnative species will
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TABLE 3. Variable means in 1-m2 subplots within unburned plots and burned and/or seeded plots. Standard errors are
in parentheses and P-values of each t test are noted with * when significantly different.
Variables

Unburned
(n = 60)

Burned or burned
and seeded (n = 120)

P-value

No. native spp.
No. nonnative spp.
% native cover
% nonnative cover
% B. tectorum cover
Sum of crust
% soil C
Soil P (mg ⋅ kg−1 soil)
% nonnative cover of total cover

2.9 (0.2)
1.0 (0.1)
22.5 (3.2)
10.8 (2.1)
10.4 (2.0)
15.0 (3.2)
1.1 (0.1)
17.6 (1.2)
32.7 (4.3)

1.8 (0.1)
1.8 (0.1)
11.0 (1.2)
9.8 (0.7)
7.3 (0.6)
4.1 (0.8)
1.2 (0.1)
17.3 (0.9)
55.0 (3.0)

<0.001*
<0.001*
<0.001*
0.65
0.14
<0.001*
0.18
0.83
<0.001*

Fig. 2. Regression tree analysis for predicting the mean number of nonnative species in 1-m2 subplots of burned and
unburned sites. The number of species and percent cover are expressed as means, standard deviations are in parentheses, and PRE = 0.63. Bold lines highlight the predicted conditions for the greatest number of nonnative species.

take advantage of soil C supplies and may
compete for soil P more efficiently than native
species. This model was able to explain 67%
(PRE = 0.67) of the variation.
Discriminant analysis showed that burned
plots could be distinguished from unburned

plots in 83% of the cases, based on soil C,
cover of biological soil crusts, soil crusts by
developmental stages, cover and richness of
nonnative plant species, and cover and richness of native plant species (Wilks’ lambda =
0.60; P < 0.0001). This justified the use of
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Fig. 3. Regression tree analysis for predicting the mean percent cover of nonnative species in 1-m2 subplots of burned
and unburned sites. The number of species and percent cover are expressed as means, standard deviations are in parentheses, and PRE = 0.67. Bold lines highlight the predicted conditions for the greatest percent cover of nonnative
species.

regression tree analysis on these 2 largely distinct groups.
We combined and analyzed all burned plots
for the number of nonnative species (Fig. 4).
Richness of nonnative species for all subplots
is greatest when the percent cover of native
species is low, soil C is high, and the number
of native species is high. This model was able
to predict 62% (PRE = 0.62) of the variation.
Our 4th regression tree was generated to
identify variables that contribute to percent
cover of nonnative species on unburned sites.
Percent cover of biological soil crusts was negatively correlated with cover of nonnative

species and was identified as the most influential variable we tested (Fig. 5). This was followed by soil C and native species richness.
This model was able to explain 44% (PRE =
0.44) of the variation.
We also used regression tree analyses to
model the percent cover of nonnative species
for both burned and unburned sites. Percent
cover of native species and percent cover of
soil C were the best predictors for burned sites
and crust cover was the best for unburned sites.
These models were weak, predicting only 32%
and 29% of the variation, respectively.
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Fig. 4. Regression tree analysis for predicting the mean number of nonnative species in 1-m2 subplots of burned or
burned and seeded sites. The number of species and percent cover are expressed as means, standard deviations are in
parentheses, and PRE = 0.62. Bold lines highlight the predicted conditions for the greatest number of nonnative
species.

DISCUSSION
Role of Site Factors
in Postfire Recovery
Site factors (e.g., soil nutrient content, native
plant cover) greatly affect restoration efforts
and are at least as important as postburn seeding in restoration results. Variability of restoration results among burns was exemplified by
the West and East treatments of the 1997
burn. Both sites received similar postburn seeding treatments of native species (Table 1), yet
responses were significantly different (Table
2). Seeding treatment on the East side was the
most successful of all burn sites, resulting in a
more natural array of vegetation than in the
control sites. The West side, however, showed
no more improvement from rehabilitation
efforts than the 1998 burn and, in many cases,
remained high in nonnative species richness.
Further evidence of variability of sites can be
found with the 1997 unburned sites, which
had greater mean cover of nonnative species
than all burned sites and lower soil crust cover
than the East burn, which was mechanically
seeded.

Our study examined patterns of succession
and identified the interaction of several important factors influencing recovery. However,
despite physical similarities (e.g., soil type,
slope, aspect, elevation) among all of our sites,
a number of other variables also appear to play
significant roles in dictating successional trends
following fire and the success of postburn rehabilitation. These variables may greatly affect
native and nonnative plant species richness
and cover. Negative effects, such as increased
nonnative species richness and proportional
cover, decreased native species richness and
cover, and decreased soil crust cover, can still
be strongly associated with burning and restoration activities (Table 3).
Site Factors and
Nonnative Plant Invasion
We did not expect to find the high presence
of nonnative species in so many unburned
sites. Nonnative species cover was actually
significantly higher, on average, in unburned
plots than burn sites, and 5 times greater than
average across the Monument (Stohlgren unpublished work). Mean crust cover and native
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Fig. 5. Regression tree analysis for predicting the mean percent cover of nonnative species in 1-m2 subplots of unburned sites. The number of species and percent cover are expressed as means, standard deviations are in parentheses,
and PRE = 0.44. Bold lines highlight predicted conditions for the greatest percent cover of nonnative species.

species richness and cover remained significantly higher on unburned sites. One possible
explanation for the high presence of nonnative
species may be related to complex site factors
not examined by this study (e.g., climatic variability, additional nutrient content of soils).
Additionally, livestock grazing and other management activities are likely to have influenced
sites. For example, postburn seeding activities
may attract domestic cattle to burn sites,
accelerating trampling of soil crusts and grazing of native species, which may also explain
the high nonnative species richness and cover
in adjacent unburned sites.
Perhaps the most surprising result of this
study is the domination and extent of cheatgrass, which ranked as the highest species
cover on 4 of our study sites and 3rd on the
other 2 sites. In other parts of the Monument,
we found that over 80% of our 360 modifiedWhittaker plots had cheatgrass. Nonnative species richness averaged 2.9 species ⋅ 1 m–2 in
unburned sites, almost 3 times more than we

found in our plots across the Monument
(Stohlgren unpublished work).
We suspect that the burn areas provide ideal
conditions for germination of nonnative species,
especially cheatgrass, thus facilitating local
seed production and invasion into our unburned
sites. Due to the short period between the
fires and our field sampling, our study cannot
provide any insight on how cheatgrass may
affect future successional trends. However,
examination of the 1998 fire pattern provides
evidence that cheatgrass can increase fire frequency and spatial extent, creating more
favorable conditions for its dominance. In a
natural condition it is unlikely that the fire
would have been able to carry across the 1996
burn, which resulted in a 2-year fire interval
between burns. Cheatgrass is successfully outcompeting native plant species and other nonnative species in this area and appears to be
dominating much of the unburned woodlands.
Until other means of controlling invading species are identified, we can expect this positive
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feedback loop between invading plants and
reoccurring fire.
Need for Experimentation
Controlled experiments will be needed to
isolate the effects of fire, restoration, and grazing from high background variation. This was
a “natural” and unplanned experiment, basically
an observational survey or case study after a
series of events. Having detailed pretreatment
data and a factorial experiment is the only way
to isolate the effects of fire from site effects and
high spatial variation. The variability expressed
in Table 2 suggests that several replicate study
areas will be required in multiple study areas.
There should be considerable distance between
burned and unburned plots to reduce the
effects of source-sink dynamics and propagule
pressure effects in the invasion process.
Despite the limitations of our observational
study, some differences between burned and
unburned sites are obvious (Table 3). A simple
analysis clearly shows that restoration efforts
can have either positive or negative results.
Seeding with native species in the right habitat and conditions can have positive effects on
native richness and cover after some fires, as
seen in the 1997 East burn. Seeding with nonnative species is not beneficial to native species
richness and cover. For example, nonnative
species cover in the 1996 burn (native and nonnative species seeded) was over 10 times greater
than in unburned sites. Likewise, natural regeneration may preserve soil crusts to a greater
extent than drill seeding, but burned areas are
still vulnerable to nonnative plant invasion
(Table 2). Thus, controlled experiments should
be targeted to assess techniques that revitalize
crusts and promote native species richness and
cover. We conclude that the preservation of
native plant diversity and biological soil crusts
in the Monument will become increasingly
difficult due to the spread of invasive plant
species. We found no evidence to suggest that
the invasion of the Monument by nonnative
species can be curtailed easily; however, as seen
in the 1997 East burn, rehabilitation efforts can
have positive results.
Management Implications
Our results support many of the existing
paradigms regarding postburn succession
(Miller and Tausch 2001) and nonnative plant
invasion (D’Antonio and Vitousek 1992, Stohl-
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gren et al. 2001). This study has highlighted
the complexity and variability of these systems
and some of the multiple variables that may
affect recovery from fire, successional trends,
and rehabilitation efforts.
We offer 3 recommendations to resource
managers concerning postburn rehabilitation.
First, because soil crusts are so fragile and invasive plant seeds permeate the system, minimize postburn disturbance such as mechanized
seeding and livestock trampling (Evangelista
et al. in press). We suggest alternative rehabilitation techniques, such as aerial seeding, over
tractors and drill-seeders. Second, if a fire
occurs, use native species when reseeding
(Table 2). Third, long-term monitoring and predictive models may be used to assess changes
in species distributions and crust development,
and to guide future management actions.
Though successional trends in juniper are
fairly well understood in natural settings, there
is little understanding of how fire management,
land use, and nonnative species invasion change
the long-term dynamics of a system. Without
detailed monitoring and consideration of multiple site factors, managers can expect to continue having unpredictable results to management practices.
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DISTRIBUTION AND ABUNDANCE OF PELAGIC FISH
IN LAKE POWELL, UTAH, AND LAKE MEAD, ARIZONA-NEVADA
Gordon A. Mueller1 and Michael J. Horn2
ABSTRACT.—Pelagic fish communities (waters with depths >20 m) of Lakes Powell and Mead were examined quarterly from 1995 to1998 using vertical gill nets and a scientific echosounder. Nets captured a total of 449 fish consisting of
striped bass (57%/45% [Lake Powell/Lake Mead]), threadfin shad (24%/50%), common carp (15%/4%), walleye (3%),
channel catfish (2%), and rainbow trout (<1%). Each reservoir contained concentrations of pelagic species separated by
expanses of habitat with few fish (<10 kg ⋅ ha–1). Reservoirs experienced dramatic seasonal and annual fluctuations in
pelagic biomass. Lake Powell’s biomass peaked at the Colorado River at 709.7 (±46.5) kg ⋅ ha–1 and Lake Mead’s reached
291.9 (±58.2) kg ⋅ ha–1 at Las Vegas Wash. These locations supported estimated fish densities of 124,668 fish ⋅ ha–1 and
15,131 fish ⋅ ha–1, respectively. Maximum reservoir biomass peaked in August 1996, with Lake Powell supporting
10,852,738 ± 5,195,556 kg (27.6 × 107 fish) and Lake Mead 1,926,697 ± 892.994 kg (10.8 × 107 fish). Biomass ebbed in
May (1996 and 1997), when Lake Mead supported 65% (296,736 kg vs. 453,097 kg) and 62% (101,016 kg vs. 162,262 kg)
of biomass levels found in Lake Powell.
Key words: pelagic fisheries, striped bass, threadfin shad, biomass, densities, distribution.

Lake Powell and Lake Mead on the Colorado River represent the 2 largest (by volume) reservoirs in the Western Hemisphere.
Both are in the arid southwestern United
States and were created for water storage,
flood control, and hydroelectric power generation. The reservoirs bracket Grand Canyon,
with Lake Powell 400 km upstream of Lake
Mead. Both support economically important
striped bass (Morone saxatilis) fisheries, and
combined annual harvest exceeds 1 million
fish (Nevada Department of Wildlife [NDOW]
unpublished data, Gustaveson et al. 1998). Fish
distribution and production are influenced by
limited nutrients in both reservoirs (Paulson and
Baker 1984, Axler and Paulson 1987, LaBounty
and Horn 1997). Unlike pelagic fisheries in
more productive waters elsewhere (Axon and
Whitehurst 1985, Boxrucker et al. 1995), little
quantitative information is available regarding
striped bass populations found in nutrientlimited reservoirs. The objective of this study
was to examine distribution and biomass of the
pelagic fish communities in these nutrientlimited reservoirs.

STUDY SITE
Lake Powell
Glen Canyon Dam is 7 km downstream of
the Utah-Arizona border near Page, Arizona.
Lake Powell has maximum surface area of
65,315 ha, depth of 171 m, and active storage
of 3.33 × 1010 m3. The reservoir reaches upstream more than 340 km into the Colorado,
San Juan, Escalante, and Dirty Devil Rivers.
It is often described as an inundated canyon
having 2 large basins (Wahweap and Padre
Bays), both at the lower end of the reservoir
(Fig. 1). Principal inflows are the Colorado (88%)
and San Juan (10%) Rivers. Water released
from Lake Powell flows 385 km through
Grand Canyon before entering Lake Mead.
Lake Mead
Hoover (Boulder) Dam is located in Black
Canyon about 40 km south of Las Vegas,
Nevada. At full pool the reservoir is 180 m
deep, covers 165,815 ha, and holds 3.95 × 1010
m3 of storage. Lake Mead is approximately
185 km long and inundates portions of the

1United States Geological Survey, Box 25007, Denver, CO 80225.
2United States Bureau of Reclamation, Box 25007, Denver, CO 80225.
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Fig. 1. General map of Lake Powell, Utah, showing the location of prominent features and the location of the 14 study
sites.

Colorado and Virgin Rivers. Lake Mead has 4
large basins (Boulder, Virgin, Temple, and
Gregg; Fig. 2). Principal inflows are the Colorado (98%) and Virgin (1%) Rivers and Las
Vegas Wash (1%).
General Limnology
The Colorado River flows through relatively barren deserts and is fed primarily by
snowmelt and surface runoff draining 630,000
km2 from Arizona, California, Colorado, New
Mexico, Utah, and Wyoming. Both reservoirs
are phosphorus limited and are considered
oligotrophic to mildly mesotrophic (Paulson
and Baker 1984, LaBounty and Horn 1997).
Primary production is greatest at nutrient input
areas (rivers and treated sewage effluent) and
diminishes with distance from the nutrient
source. Chlorophyll-a often declines to <2 µg
⋅ L–1, a level inadequate to support planktonic
feeders such as threadfin shad (Dorosoma
petenense) and age-0 fish. Water clarity often
exceeds 15 m.
METHODS
We selected 25 monitoring sites (14, Lake
Powell; 11, Lake Mead) to represent major
habitat types (i.e., basins, main stem canyons,
side canyons, and inflows; Figs. 1, 2). Field

surveys were conducted quarterly, starting at
Lake Powell (5–7 days) and finishing at Lake
Mead (3–5 days).
Data Collection
Species composition was determined using
a set of 6 vertical gill nets (2.5 m × 100 m),
each having a different mesh size (12, 25, 31,
42, 50, 64 mm). We suspended nets from floating spools to depths >30 m and fished overnight at Good Hope Bay, Neskahi Wash, Oak
Canyon, and Padre Bay on Lake Powell and at
Boulder Basin, Gregg’s Basin, Overton Arm,
and Virgin Basin on Lake Mead. Each site was
sampled once each field trip as wind permitted.
Fish biomass and densities were measured
using a single-beam scientific echosounder
(BioSonicsTM DT-4000) that was upgraded to
a dual-beam system (DT-5000) in September
1996. Both models operated at 420 kHz using
a 6° single-beam or 6.2°–13.6° dual-beam transducer. Data were thresholded at –60 dB and
collected and stored on a laptop computer.
Each of the 25 monitoring sites had 3 transects that paralleled (distances >200 m) each
other from opposite shorelines. Exceptions
were at dams and narrow canyons where transects (1–2 km long) zigzagged from opposite
shorelines. Transect coordinates were programed into a GPS navigational system that
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Fig. 2. General map of Lake Mead, Arizona-Nevada, showing the location of prominent features and the location of
the 11 study sites.

allowed for repetitive monitoring. We conducted surveys both day and night, but night
surveys were reserved for inflow areas that we
suspected would support higher fish densities.
Night surveys improved density resolution
because schooling fish disperse at night to
feed (Luecke and Wurtsbaugh 1993). Surveys
started and ended near (5 m) shore and were
conducted at speeds of 8–10 km ⋅ h–1.
From each of the monitoring sites (25), we
collected data during 8 quarterly field surveys
for a total of 541 (some equipment/weather
failures) transect files. Cumulative transect
distance was 70.9 km for Lake Powell and 95.0
km for Lake Mead; in total, we collected 1326
km of transect data during the study.
Acoustic Data Analysis
Electronic echograms were edited, and only
reaches where depths exceeded 20 m were
used in the analysis. Fish biomass is a direct
fish-weight-to-water-volume ratio based on reflective energy readings. Fish densities were
estimated by echo-counting, which involves
counting individual targets for specific strata
volume and converting fish ⋅ m–3 to fish ⋅ ha–1.
Fish biomass (kg) and densities (numbers)
per surface area were calculated and averaged
to provide a transect value. Surface area (full
pool) of each habitat type was measured from

topographical maps. Biomass and density were
multiplied by the surface area of each habitat
type to determine total reservoir biomass and
numbers of fish. The 3 transect values were
averaged and 90% confidence limits were calculated for each of the 25 monitoring sites.
RESULTS
Pelagic netting produced 449 fish representing 6 species. We suspected that large-mesh
monofilament nets would contribute a high
bias toward larger species. Striped bass (56%)
dominated the Lake Powell gill-net catch, followed by threadfin shad (24%), common carp
(Cyprinus carpio [15%]), walleye (Stizostedion
vitreum [3%]), and channel catfish (Ictalurus
punctatus [2%]). Threadfin shad comprised 50%
of the Lake Mead gill-net sample, followed by
striped bass (45%), common carp (4%), and a
rainbow trout (Oncorhynchus mykiss [<1%]).
Pelagic biomass and densities varied seasonally, peaking in August and reaching lows
just prior to spawning in May. Geographically,
both peaked at the confluence of the Colorado
(P014) and San Juan Rivers (P08) in Lake Powell, and in Lake Mead at the Colorado River
(M09) and Las Vegas Wash (M02; Table 1, Figs.
3, 4). Maximum biomass was 709.7 and 291.9
kg ⋅ ha–1, and fish densities reached 144,668
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TABLE 1. Pelagic fish biomass (kg ⋅ ha–1, CL = 90%) measured with single- and dual-beam acoustical technology in
Lakes Powell and Mead, Arizona-Nevada-Utah, from November 1995 through January 1998.
1995
______________________
Nov.
Feb.

1996
1997
_____________________
_________________________________
May
Aug.
May
Aug.
Oct.

1998
________
Jan.

7.2 (12.3)
3.8 (8.1)
63.8 (15.7)
4.4 (4.5)
13.8 (12.9)
63.3 (98.5)
—
—
24.4 (1.1)
3.0 (1.6)
185.7 (142.2)
15.3 (3.7)
10.2 (4.7)
41.5 (11.4)
2176. (2590)

24.2 (21.0)
2.3 (1.9)
10.7 (4.4)
4.1 (2.9)
3.1 (2.1)
5.5 (7.9)
1.2 (0.5)
0.8 (0.5)
5.2 (4.9)
1.3 (1.3)
11.6 (15.1)
2.8 (2.7)
10.1 (9.8)
16.4 (9.1)
453. (577)

136.4 (21.6)
21.3 (9.5)
172.2 (48.8)
78.2 (15.7)
80.0 (14.6)
170.6 (36.1)
54.2 (6.7)
240.1 (61.7)
132.9 (4.6)
272.3 (46.3)
33.7 (20.5)
316.4 (223.9)
344.2 (55.2)
709.7 (46.5)
10,852. (5196)

1.3 (–)
0.0 (–)
1.9 (0.6)
1.2 (2.1)
0.5 (0.7)
0.4 (0.1)
1.0 (0.7)
2.3 (0.5)
4.6 (1.1)
0.5 (0.3)
0.2 (0.0)
11.8 (5.8)
10.5 (7.6)
1.6 (1.7)
162. (209)

0.5 (0.4)
1.7 (1.9)
2.7 (1.1)
1.1 (0.9)
3.1 (3.1)
1.2 (1.4)
4.5 (3.7)
162.0 (121.0)
4.6 (6.3)
9.4 (–)
24.9 (8.9)
38.1 (30.0)
98.5 (22.4)
366.4 (33.3)
2229. (1325)

0.9 (–)
0.1 (0.1)
11.2 (9.2)
0.2 (0.3)
1.2 (0.7)
1.3 (1.2)
107.5 (76.3)
59.7 (11.1)
1.2 (0.8)
1.0 (0.5)
6.0 (2.9)
25.4 (12.9)
26.4 (14.2)
61.1 (31.6)
910. (943)

4.0 (4.3)
0.6 (0.6)
1.9 (1.3)
0.5 (–)
0.2 (0.1)
0.9 (0.5)
4.6 (0.8)
10.5 (5.5)
1.5 (0.6)
1.3 (0.4)
1.6 (2.0)
2.2 (0.5)
12.2 (6.1)
5.1 (3.5)
149. (148)

1.5 (1.0)
65.7 (10.0)
0.2 (0.3)
0.5 (0.7)
0.1 (0.2)
0.1 (0.0)
2.9 (1.2)
8.6 (0.7)
4.8 (4.1)
0.8 (0.3)
9.8 (2.9)
378. (169)

4.0 (4.4)
16.1 (10.9)
1.9 (2.1)
3.5 (0.5)
1.9 (1.5)
0.6 (0.4)
2.6 (1.9)
1.2 (0.8)
30.9 (11.0)
1.0 (0.9)
5.9 (2.4)
297. (288)

27.5 (8.2)
62.0 (31.6)
31.5 (16.9)
30.1 (27.4)
4.2 (3.1)
15.4 (8.1)
7.3 (0.7)
27.7 (5.8)
82.2 (2.0)
5.6 (2.8)
13.0 (2.6)
1927. (1477)

0.5 (0.8)
8.6 (6.7)
0.0 (0.0)
0.2 (–)
0.1 (–)
0.1 (0.1)
0.4 (0.4)
1.6 (0.8)
11.1 (8.8)
2.1 (2.5)
1.8 (0.1)
101. (1055)

53.0 (2.7)
291.9 (58.2)
3.8 (1.3)
41.0 (32.0)
3.3 (2.3)
2.0 (1.5)
6.7 (5.9)
21.8 (0.9)
81.9 (58.8)
2.8 (2.4)
4.7 (2.5)
1455. (948)

0.0 (–)
16.9 (23.0)
0.1 (–)
0.2 (0.3)
0.1 (–)
0.9 (0.9)
5.3 (1.7)
17.0 (3.9)
41.4 (13.7)
0.1 (–)
9.6 (5.0)
393. (374)

0.1 (–)
2.9 (0.4)
0.5 (0.1)
0.0 (–)
0. 7 (0.9)
0.1 (–)
1.2 (0.8)
4.4 (1.1)
9.4 (5.6)
—
0.6 (0.6)
85. (86)

LAKE POWELL
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Totala

0.1 (0.2)
0.1 (–)
—
10.2 (5.1)
20.5 (13.4)
4.6 (6.2)
132.3 (37.6)
—
6.5 (4.8)
59.3 (17.1)
91.3 (78.1)
204.5 (90.5)
403.3 (266.0)
295.7 (148.8)
5231. (9766)

LAKE MEAD
1
2
3
4
5
6
7
8
9
10
11
Totala

0.0 (–)
29.9 (10.2)
0.4 (0.6)
0.8 (0.7)
0.6 (0.8)
0.6 (0.8)
1.2 (0.7)
39.3 (56.4)
22.7 (25.0)
1.5 (2.0)
51.9 (16.4)
803. (1073)

aTotal = reservoir total in metric tons.

and 15,131 fish ⋅ ha–1 in Lake Powell and Lake
Mead, respectively. Fish densites in Lake Powell during August (1996 and 1997) averaged
26,188 and 2605 fish ⋅ ha–1 compared to 2394
and 1840 fish ⋅ ha–1 for Lake Mead.
Biomass generally decreased with distance
downstream (Figs. 3, 4). Biomass levels <10
kg ⋅ ha–1 were found at 53% (n = 108) and 72%
(n = 87) of Lake Powell’s and Lake Mead’s
monitoring stations, respectively. There were
some exceptions; 1 occurred when biomass
(>20 kg ⋅ ha–1) extended throughout Lake
Powell during August 1996 (Table 1, Fig. 3), at
which time biomass averaged 197 kg ⋅ ha–1
compared to 28 kg ⋅ ha–1 measured in Lake
Mead. Another exception occurred during the
November surveys when it appeared that shallow-inflow communities moved down-reservoir to deeper habitats for winter (Table 1).
Total reservoir biomass for Lake Powell
ranged from 453,097 kg (May 1996) to

10,852,738 kg (August 1996). Seasonal trends
were similar for Lake Mead, while biomass
was less, ranging from 296,736 kg to 1,926,697
kg for the same period. We also noted annual
declines between August 1996 and 1997 when
estimated average fish densities dropped from
26,188 to 2605 fish ⋅ ha–1 in Lake Powell and
from 2394 to 1840 fish ⋅ ha–1 in Lake Mead.
This represented a decline from 276 million to
90 million fish in Lake Powell and from 108
million to 66 million fish in Lake Mead.
The analysis had a high degree of variance
caused by sparsely populated areas where fish
detections were rare. These detections, if made,
generally occurred in large schools, and as a
result, CLs of 90% were used. This problem is
intrinsic to schooling fish found in large bodies of water and is most evident in daytime
surveys (Argyle 1992). However, sample variance for more densely populated areas ranged
from 20% to 30%, similar to levels reported for
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Fig. 3. Average biomass (kg ⋅ ha–1) distribution in Lake Powell during May and August 1996 and 1997.

Fig. 4. Average biomass (kg ⋅ ha–1) distribution in Lake Mead during May and August 1996 and 1997.

other acoustical studies (Hansson 1993, Vondracek and Degan 1995).
DISCUSSION
Portions of Lakes Powell and Mead support
impressive threadfin shad and striped bass
populations that can rival those found in more
productive southern reservoirs (Degan and Wilson 1995). However, vast portions of pelagic
habitat contain few or no fish. Having a simple
prey base, this type of fishery suffers from boom
and bust cycles (Axon and Whitehurst 1985,
Persons and Dreyer 1987). Primary production is another factor limiting fish biomass and
distribution (Paulson and Baker 1984, Persons
and Dreyer 1987, LaBounty and Horn 1997).
Lake Powell’s biomass exceeded 350 kg ⋅
ha–1 at the Colorado River inflow but dropped
to <10 kg ⋅ ha–1 (53%, n = 57/108) for down-

reservoir monitoring sites. Lake Mead’s biomass was typically lower, but its distribution
was similar with the exception of Las Vegas
Wash, the source of treated sewage effluent
from Las Vegas Valley. Seventy-one percent of
Lake Mead’s monitoring sites (n = 62/87) had
biomass levels <10 kg ⋅ ha–1 while nearly half
of those (n = 28/87) had <1 kg ⋅ ha–1.
Limnological studies reported primary production (chlorophyll-a) at these same sites to
be <2 µg ⋅ L–1, which is inadequate to support
planktonic feeders such as threadfin shad (Paulson and Baker 1984, Labounty and Horn 1997).
State agencies have experimented with nutrient-enrichment programs ranging from small
cove experiments to an application of 114,000
L ammonium phosphate to 12,000 ha of Lake
Mead (Morgensen and Padilla 1982, Axler and
Paulson 1987). Fertilization increased productivity but benefits were short-lived and deemed

PELAGIC FISH COMMUNITIES
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economically nonviable. State agencies have
since liberalized creel limits on striped bass to
reduce the frequency and severity of emaciated
fish or fish die-offs.
Nutrient loading from the Colorado River
into Lake Mead has declined since Glen Canyon Dam was constructed in 1964 (Paulson
and Baker 1984, Persons and Dreyer 1987). Our
data suggest that by late summer Lake Powell
can support nearly 6 times the biomass of Lake
Mead; however, actual carrying capacity during
early spring appears lower and possibly less
variable. Lake Mead’s biomass during May
was 65% (296,736 kg vs. 453,097 kg) and 62%
(101,016 kg vs. 162,262 kg) of Lake Powell levels. These pelagic fish communities appear
highly vulnerable to shifts in nutrient loading
and predator-prey interactions.
Hydroacoustics provides the only practical
method of measuring fish biomass in large reservoirs. However, in sparsely populated environments measurements of schooling species
can be highly variable. We recommend that
future efforts consider conducting all surveys
at night and increasing the number of transects where fish distribution is suspected to be
patchy (Argyle 1992, Degan and Wilson 1995).
ACKNOWLEDGMENTS
The study would not have been possible
without cooperation and assistance from Wayne
Gustaveson (Utah Department of Natural Resources [UDNR]), Tom Liles (Arizona Game
and Fish Department [AGFD]), John Hutchins
(Nevada Department of Wildlife [NDOW]),
John Ritenour (Glen Canyon National Recreation Area), and Kent Turner (Lake Mead
National Recreation Area). Ray Bark assisted
in data analysis, Blair Hanna helped develop
the echo-counting program, and numerous
people helped in data collection. We give special thanks to Dan Wiggins and Dave Marino
(BioSonics, Inc., Seattle, WA) and to the staff
of the Lower Colorado Regional Office (Bureau
of Reclamation [BOR]) for their support. Permits
were issued by NPS, NDOW, AGFD, and
UDNR, and the study was funded by USGS
and BOR.

311
LITERATURE CITED

ARGYLE, R.L. 1992. Acoustics as a tool for the assessment
of Great Lakes forage fishes. Fisheries Research 14:
179–196.
AXLER, R.P., AND L.J. PAULSON. 1987. Preliminary nutrient
enhancement studies in Lake Mead. Technical Report
19, Lake Mead Limnological Research Center, University of Nevada, Las Vegas.
AXON, J.R., AND D.K. WHITEHURST. 1985. Striped bass
management with emphasis on management problems. Transactions of the American Fisheries Society
114:8–11.
BOXRUCKER, J., P. MICHALETZ, M.J. VAN DEN AVYLE, AND
B. VONDRACEK. 1995. Overview of gear evaluation
study for sampling gizzard shad and threadfin shad
populations in reservoirs. North American Journal of
Fisheries Management 15:885–890.
DEGAN, D.J., AND W. WILSON. 1995. Comparison of four
hydroacoustic frequencies for sampling pelagic fish
populations in Lake Texoma. North American Journal of Fishery Management 15:924–932.
GUSTAVESON, A.W., G.L. BLOOMER, L. BERG, AND D.
ARCHER. 1998. Summary of sport fisheries harvest,
pressure and success, 1964 to 1997, measured by
creel survey at Lake Powell, UT/AZ. Publication 9815, Utah Division of Wildlife Resources, Salt Lake
City. 22 pp.
HANSSON, S. 1993. Variation in hydroacoustic abundance
of pelagic fish. Fisheries Research 16:203–222.
LABOUNTY, J.F., AND M.J. HORN. 1997. Influence of drainage from the Las Vegas Valley on the limnology of
Boulder Basin, Lake Mead, Arizona-Nevada. Lake
and Reservoir Management 13:95–108.
LUECKE, C., AND W.A. WURTSBAUGH. 1993. Effects of
moonlight and daylight on hydroacoustic estimates
of pelagic fish abundance. Transactions of the American Fisheries Society 122:112–120.
MORGENSEN, S.A., AND C.O. PADILLA. 1982. The status of
the black bass fishery in Lake Mead and a program
toward restoration and enhancement. Submitted to
U.S. Bureau of Reclamation, Boulder City, NV, Contract 7-07-30-X0028. Arizona Game and Fish Department, Phoenix.
PAULSON, L.J., AND J.R. BAKER. 1984. The limnology in
reservoirs on the Colorado River. University of
Nevada–Las Vegas. Submitted to U.S. Bureau of
Reclamation, Contract 14-34-0001-1243, Boulder
City, NV. Lake Mead Limnological Research Center,
UNLV, Las Vegas.
PERSONS, W.R., AND R. DREYER. 1987. Relationship between striped bass (Morone saxatilis) and threadfin
shad (Dorosoma petenense) in Lake Mead. DingellJohnson Project F-14-R-20, Arizona Game and Fish
Department, Phoenix.
VONDRACEK, B., AND D.J. DEGAN. 1995. Among- and
within-transect variability in estimates of shad abundance made with hydroacoustics. North American
Journal of Fisheries Management 15:933–939.
Received 31 October 2002
Accepted 8 August 2003

Western North American Naturalist 64(3), © 2004, pp. 312–323

USING SAMPLING AND INVERSE DISTANCE WEIGHTED MODELING
FOR MAPPING INVASIVE PLANTS
Elizabeth A. Roberts1, Roger L. Sheley1,2, and Rick L. Lawrence1
ABSTRACT.—Accurate time- and cost-efficient mapping is central to successful rangeland invasive plant management.
In this study sampling together with Inverse Distance Weighted (IDW) interpolation modeling was tested as a mapping
alternative to expensive full-coverage delineation survey mapping methods. Our objective was to examine accuracies of
presence/absence maps generated from 18 sampling strategies (3 sampling methods × 6 sample densities) using IDW.
Invasive plant field survey maps with known accuracies were used to generate samples and to test interpolation results
at 2 sites. Site 1 was approximately 6.0 km2, dominated by Russian knapweed (Acroptilon repens L.). Site 2, an upland
area of approximately 13.5 km2, was dominated by spotted knapweed (Centaurea maculosa Lam). Sampling method ×
sample density combinations were gathered from field survey infestation maps using repeated computer-based sampling
methods. IDW modeling was applied to each of the sample data sets. Accuracies of the IDW interpolation results were
calculated by re-referencing field survey maps. We determined that sampling at density of 0.25% (about 1 point per ha)
using a systematic sampling method was the preferred sampling strategy for both sites. This combination of sampling
density and method yielded 85% accurate presence/absence maps. We conclude that sampling combined with IDW
interpolation modeling can generate accurate invasive plant maps and is a potential alternative to current delineation
survey methods.
Key words: invasive plant mapping, sampling, interpolation modeling, inverse distance weighting, IDW, Russian
knapweed, spotted knapweed.

Invasive plant distribution maps are a critical component of invasive plant management,
and periodic repeated mapping is essential for
evaluation and adaptive management. Time
and cost constraints currently limit extent,
accuracy, and repeatability of invasive plant
mapping. Efficient methods of accurately
mapping invasive plants are needed. Inverse
Distance Weighted (IDW) interpolation modeling is a potential timesaving alternative to
current survey methods for generating rangeland invasive plant distribution maps.
Interpolation modeling uses sample data sets
and spatial relationships among samples to predict values at unknown locations. It is commonly used to predict continuous variables
such as density, but it can also be used for predicting categorical data. In this study we used
IDW to predict presence/absence of invasive
plants by classifying ranges of values into separate groups. Of the various interpolation methods, IDW is a technique easy to use and highly
accessible. Like other methods IDW uses linear combinations of weights at known points
to estimate unknown location values. In inter-

polation models, Z(s0) equals the values at
unknown locations and is determined by the
weighting value (λi ) and values at known locations Z(si ).
n
Ζ(so) = ∑λiΖ(si )
i=1
In the IDW equation, d(si ,so) is the Euclidean
distance between si and so .P is a power
n
λ i = [d(si ,so)]p / ∑ [d(si ,so)]p
i=1
value that controls how fast the weights tend
to zero as the distance from the location increases. The higher the exponent, the more influence nearby data will have on the predicted
values (Boman et al. 1995).
Interpolation modeling techniques such as
kriging have proven to be effective for mapping invasive plants in agricultural systems
(Donald 1994, Heisel et al. 1996). Due to the

1Department of Land Resources and Environmental Sciences, Montana State University, Box 173120, Bozeman, MT 59717.
2Corresponding author.
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use of a spatial variability model for the sample data set and an ability to estimate a semivariogram (a measure of variability of interpolated values), spatial statisticians often consider kriging a more robust and desirable
interpolation method (Rouhani 1996, Zimmerman et al. 1999). The question of interpolation
method superiority, however, is often debated
(Gotway et al. 1996, Rouhani 1996, Zimmerman
et al. 1999). Under conditions of high spatial
autocorrelation, comparison studies have found
IDW equal to, and at times more successful
than, kriging (Bowman et al. 1995, Gotway et al.
1996, Dirks et al. 1998). Due to the simplicity
of the IDW technique (there is no semivariogram model-fitting component), we considered
it more accessible for practical use in invasive
plant management and selected it instead of
kriging for our analysis.
Since interpolation modeling is dependent
on strong spatial relationships for prediction
success, the success of IDW for predicting
invasive plant distributions will be partially
dependent on levels of spatial autocorrelation
in plant locations at each study site. Both
Acroptilon repens L. (Russian knapweed) and
Centaurea maculosa Lam. (spotted knapweed),
when fully established, tend to out-compete
other plant species, form varying densities of
monocultural stands (Watson 1980, Sheley et al.
1999), and thus have tendencies toward strong
spatial autocorrelation. The success of IDW
will also be dependent on how well the sample
data set represents the distribution of plant
species and reflects actual levels of autocorrelation.
To use IDW to predict invasive plant distributions, we needed a starting data set of presence/absence values at sampled locations to
interpolate values at nonsampled locations.
Since our objective was to obtain the best map
for the lowest cost, choosing a sampling method
that results in the best representation of the
invasive plants’ distribution across the landscape was essential. The 3 sampling methods
evaluated in this study were systematic, random, and systematic-random. Systematic sampling results in values located in equal intervals along the x- and y-axes. Random sampling
creates an unbiased data set pattern where
every location in the survey area has an equal
probability of being sampled (Thompson 1992).
Systematic-random sampling is a hybrid technique, selected for this study, where points are
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sampled in equal intervals along 1 axis but along
random starting locations on the contrasting
axis.
We tested 3 methods in an effort to determine whether, despite the limitations of each,
a single sampling method would consistently
outperform the others. Systematic sampling
methods are limited by the sampling interval
relative to response distribution. Research has
shown that a representative sample is difficult
to obtain if the sampling interval is out of
phase with the plant’s distribution and response
patch sizes are not twice the size of the sampling interval (Theobald 1989). In random sampling, gathering a representative sample is often
difficult due to the requirement of large sample sizes (Goedickemeier et al. 1997). Therefore, in cases where a large sample size is
gathered but patch sizes are small, random
sampling can be superior to systematic. Systematic sampling might be more successful
where strong autocorrelation exists, a spatial
phenomenon often existing in plant distribution patterns (Moore and Chapman 1986). Less
analysis of systematic-random sampling techniques exists in the literature. In this study it
was used as an attempt to test whether a combination of systematic and random sampling
could result in a successful sampling method.
For IDW to be a useful tool for invasive
plant managers, the plant distribution maps
must take less time and result in higher accuracy levels than currently used mapping methods. Currently used methods include full delineation surveys, often using GPS units which
require circumscribing infestations to denote
boundaries, collecting points for small infestations, and using lines to identify linear infestations (Cooksey et al. 1999). When these fullarea surveys are conducted, high accuracies
are recommended for managers to quantitatively assess their management strategies and
improve their management efforts (Cooksey et
al. 1999). For sampling and IDW to be a satisfactory replacement to full-area survey methods, the time to collect the sample points must
be less than delineating the area’s infestations
and their boundaries. In this study we wished
to determine if an optimum sampling density
existed for each sample method and to answer
the following question: Can we create accurate enough maps from sample sizes small
enough to save time and money?
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We evaluated the success of 3 sampling
methods and 6 sampling densities using IDW
to predict A. repens (Russian knapweed) and
C. maculosa (spotted knapweed) distribution
patterns. We hypothesized that both sampling
method and density would influence the success of IDW in predicting invasive plant distributions. In addition, we predicted that accurate presence/absence maps could be produced
using sample sizes that are a reasonable size
for use by land managers.
METHODS
We used Environmental System Research
Institute’s (ESRI) ArcView GIS 3.2 and the
Spatial Analyst extension to create presence/
absence invasive plant distribution maps using
Inverse Distance Weighted (IDW) interpolation modeling techniques. Eighteen sampling
strategies (3 sampling methods × 6 sampling
density combinations) were tested to predict
A. repens and C. maculosa distribution patterns in 2 Montana rangeland environments.
Using full-coverage field survey mapping methods and GPS, we collected data for invasive
plant distribution maps. An accuracy assessment of the field survey maps was conducted
prior to testing the sampling and IDW interpolation techniques. We created invasive plant
distribution maps from computer-generated
samples extracted from the field survey infestation maps. Accuracy of predicted maps was determined by re-referencing field survey maps.
Study Sites
Prediction success was evaluated for invasive plant distributions at 2 locations. The A.
repens site is a 6.0-km2 riparian zone along the
Missouri River within the Charles M. Russell
Wildlife Refuge in north central Montana (extents: 47°41′30″N, 108°47′30″W and 47°38′N,
108°42′30″W—NAD27). Elevation at the site
ranges from 600 m to 900 m, and average
annual precipitation is 25–31 cm. The study
area is infested primarily with Acroptilon repens,
a nonindigenous, invasive perennial. Acroptilon repens produces seeds but spreads primarily by rhizomatous adventitious roots and
is able to suppress growth of nearby plants due
to its rhizomatous root system, allelopathic
properties, and primarily local spread. This
invasive plant tends to form dense stands in
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areas with shallow water tables or extra water
from irrigation (Watson 1980). Native vegetation at the A. repens site includes Salix spp.
(willow), Populus deltoides Bartr. ex Marsh.
(cottonwood), Symphoricarpos albus (L.) Blake
(snowberry), Sarcobatus vermiculatus (Hook.)
Torrey (greasewood), and Chrysothamnus viscidiflorus (Hook.) Nutt. (rabbitbrush). Other
nonnatives are Cirsium arvense L. Scop. (Canada thistle), Euphorbia esula L. (leafy spurge),
Centaurea maculosa Lam. (spotted knapweed),
Cardaria pubescens (C.A. Mey.) Jarmolenko
(whitetop), Agropyron cristatum (L.) Gaertn.
(crested wheatgrass), and Bromus inermis Leyss.
(smooth brome).
The C. maculosa site encompasses 13.5 km2
of upland mixed forest–rangeland on the Northern Cheyenne Indian Reservation in southeastern Montana (extents: 45°45′N, 107°00′W and
45°37′30″N, 106°52′30″W—NAD27). Intermittent streams occur throughout this area
and elevation ranges from 900 m to 1500 m.
Average annual precipitation is 36–41 cm. This
area is primarily infested with C. maculosa, a
nonindigenous, invasive plant rapidly spreading throughout much of the northwestern
United States (Sheley et al. 1999). This taprooted perennial produces large numbers of
seeds that are dispersed both locally and over
long distances, with local extension of peripheral stands playing a large role in its spread
(Watson et al. 1974). Local dispersal of 1–2 m
from the parent plant occurs when animals
shift the plants and loosen seeds from the seed
heads. Long-distance dispersal occurs when
seeds become attached to passing people, animals, or vehicles. Seeds can be carried along
watercourses and transported with crop seeds
and hay. Native vegetation on the site includes
Pinus ponderosa Dougl. ex Laws. & Laws. (ponderosa pine), Juniperus scopulorum Sarg. (juniper), Pseudoroegneria spicatum (L.) Gaertn.
(bluebunch wheatgrass), and Agropyron smithii
(Rydb.) Gould (western wheatgrass). An additional nonnative at this site is Bromus japonicus Thunb. ex Murr. (Japanese brome).
Field Survey
Infestation Maps
For this study we could have used either
simulated hypothetical invasive plant maps or
actual field survey maps. Instead of using
computer-generated map data, we wished to
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use existing invasive plant distribution information that reflected actual invasive plant distributions. Maps existed for the A. repens site
that were created by the United States Fish
and Wildlife Service using intensive ground
and helicopter GPS mapping methods in 1997
and 1998. At the C. maculosa site, data were
collected in 1999 using helicopter GPS mapping methods only. Data at both sites were
collected according to the Montana Noxious
Weed Survey and Mapping System level 1
standards (Cooksey et al. 1999). Original data
were collected as points, lines, and areas and
assigned to either a low, moderate, or high
cover classification. After the infestation maps
were collected, the point and line data were
converted to areas equal to infestation size
identified by the data collector. Data were
reclassified for analysis in this study as present
or absent. Present locations were given a value
of 1 and absent areas were assigned a value of 0.
Accuracy Assessment of Field
Survey Infestation Maps
To determine how well the field survey maps
reflected reality of the distributions of the
invasive plant species, we conducted accuracy
assessments of infestation data at each site in
fall 1999. Fifty random present locations and
11 random absent locations were assessed at
the A. repens site. Forty-five and 10 present
and absent locations, respectively, were assessed
at the C. maculosa site. Using Rockwell GPS
Pluggers with 5–15 m navigational accuracy,
we located points and determined their correctness. User and producer accuracies for the
presence and absence categories and for overall accuracy were calculated.
Accuracy Assessment
Estimators
User and producer accuracies and overall
accuracy are 3 estimators that together provided a full perspective on the quality of the
field survey and IDW predicted map data.
These estimators were used for both the field
survey data (as discussed above) and the IDW
prediction maps. User accuracy is the number
of correct locations in a category divided by
the total number of locations in the category.
It estimates how well the data, for each category
mapped, can be trusted by land managers in
the field (i.e., if a manager were to travel to a
location where a plant was indicated on the
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map, how likely would it be that a plant would
indeed be there). Producer accuracy is the
number of correct locations in the category
divided by the number of reference locations
in the category. It indicates how successful the
field surveyor and, in the case of simulations,
the IDW model are at determining plant locations (i.e., of all locations where a plant was
present, what amount was correct). Overall
accuracy is the number of locations correct for
all categories divided by the total number of
reference locations for all categories. It provides a generalized accuracy estimate, as it
combines results from both categories (presence and absence).
Study Site Sampling Area
The field survey infestation maps for each
study site were converted from points, lines,
and areas to grid format in the GIS. The cell
size was determined by the need to match
experimental scale with management scale (Firbank 1993) and was set to a resolution of 5 m
(25 m2). For the A. repens site, the sample area
included 240,140 cells. For the C. maculosa site,
the sample area included 543,703 cells.
Sampling Strategies
We evaluated 18 sampling strategies that
were based on the 3 sampling methods and 6
sampling densities. The 6 sampling densities
were 0.04%, 0.06%, 0.08%, 0.11%, 0.16%, 0.25%
(number of cells sampled/total number of cells
within study area), approximately 0.2, 0.3, 0.35,
0.45, 0.7, and 1.0 points ⋅ ha–1, respectively.
Samples were gathered by applying each
sample strategy (sample method × sample
density) to the field survey infestation maps.
To test for differences among sampling strategies, we replicated each strategy 3 times for
the 18 method × density combinations for a
total of 54 sample data sets at each site. Sampling the GPS data sets was completed in
ArcView GIS software. GIS-based computer
code was written to automate the sampling
process. For systematic sampling, we randomly shifted the 1st sample point in the systematic
sampling strategies ±50 m along the x-axis.
Systematic-random samples were generated
by randomizing sampling locations on the yaxis and setting an even sampling interval along
the x-axis.
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IDW Analysis
At each site we analyzed the 54 data set
combinations using the IDW interpolation
function in the ArcView Spatial Analyst extension. User inputs to the IDW function were
the distance power value (p) and n (the number of nearest sample points used in the interpolation of each cell). A distance power value
of 2 is most commonly used in IDW applications (Gotway et al. 1996) and was the value
selected for our analysis. N can be set as a fixed
number of sample points or radius distance
value. Researchers using interpolation methods
have used n sample sizes ranging from 6 ≤ n
≤ 24 (Zimmerman et al. 1999). Twelve sample
points were chosen within the range of recommended values for abruptly changing surfaces
(Declercq 1996). The IDW function was
applied to each sample data set and produced
a grid map with continuous predicted values
ranging from 0 to 1. The resulting prediction
grid was reclassified to values <0.5 when identified as absent and values ≥0.5 when identified as present.
Assessing IDW Predicted
Map Accuracies
We used field survey infestation maps to
generate data for sampling strategies and then
referenced them to determine the accuracy of
the interpolation maps. Analysis of variance
was used to determine significant effects of
sampling method or sampling density on user
and producer accuracy for presence and overall accuracy. Three replications of the sample
method × sample density combinations enabled
a calculation of experiment-wide error protected means separations at each study site;
this was done using multiple comparison analysis (MCA) with Tukey’s test when a priori statistical P-values were ≤0.05.
RESULTS
Field Survey Infestation
Map Accuracies
Ten absence locations were evaluated at the
C. maculosa site and 11 at the A. repens site.
Four times as many locations were evaluated
for presence as absence at both sites. This
resulted in a high level of confidence (>90%)
of presence accuracies and a lower confidence
(≤85%) of accuracies for absent locations (Tortora 1978).
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At the A. repens site, user and producer
accuracies for presence and overall accuracy
were 95.0%, 97.4%, and 94.0%, respectively.
At the C. maculosa site, user and producer
accuracies and overall accuracy were 85.2%,
82.1%, and 80.0%. User and producer accuracies for absence at the A. repens and C. maculosa sites were 90.0% and 81.8%, and 72.2%
and 76.5%, respectively.
Accuracy assessment of the field survey
maps was conducted to ensure that the data
represented true invasive plant distributions.
With presence and overall accuracies ≥80.0%
at both sites, we determined the maps to be
accurate representations of reality for invasive
plant presence and overall. Accuracies for
absence were not as high, and we were less
confident in results for this category. Therefore, we chose to evaluate statistical differences for user and producer presence accuracies and overall accuracy only. Based on the
field survey maps, the percent of study sites
infested, hereafter referred to as infestation
level, was 43.0% at the A. repens site and
12.5% at the C. maculosa site.
IDW Predicted Map
Accuracy Differences
USER ACCURACY.—Effect of sample method
and sample density on user accuracy depended
on the study site (Table 1).
Acroptilon repens site: Interactions existed
between sample method and sample density
(Table 1), indicating that the effect of sample
method on user accuracy was dependent on
the sample density. Multiple comparison analysis indicated that the only differences among
sample densities were where the systematic
sample method produced higher accuracies
than systematic-random at 0.04% and 0.08%
densities (Fig. 1).
Centaurea maculosa site: There were no interactions between sample method and sample
density (Table 1). Sample method and sample
density main effects influenced user accuracy.
Systematic sampling produced higher user
accuracies (2.7%) than the systematic-random
sample method, but not significantly higher
than random sampling (Fig. 2a). Random and
systematic-random sample methods produced
similar user accuracies. Centaurea maculosa
user accuracies for the systematic, random,
and systematic-random sample methods were
81.0%, 79.1%, and 78.3%, respectively.
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TABLE 1. ANOVA P-values for sampling method and sampling density using user and producer presence accuracies
and overall prediction accuracies for A. repens and C. maculosa sites.
Accuracy types
____________________________________________
User’s
Producer’s
Overall
____________________________________________
df

P-values

A. repens site
Sample method
Sample density
Sample method × sample density

2
5
10

0.0001
<0.0001
0.0108

0.0020
<0.0001
0.9712

0.5131
<0.0001
0.9189

C. maculosa site
Sample method
Sample density
Sample method × sample density

2
5
10

0.0106
<0.0001
0.0694

<0.0001
<0.0001
0.3689

0.7605
<0.0001
0.9113

Fig. 1. MCA of sample method × sample density presence prediction accuracies for systematic, random, and systematic-random sampling methods at A. repens site. Significant differences among sample method × density combinations
are identified by a’s and b’s.

The highest sample density (0.25%) produced the highest user accuracies (Fig. 2b).
Increases occurred between 0.04% and 0.08%
and 0.06% and 0.11%. User accuracy for the
C. maculosa site was the only instance in which
the highest 2 sample densities (0.16% and
0.25%) were different from each other (Fig. 2b).
Sample density user accuracies ranged from
72.3% to 85.8% at the C. maculosa site.
PRODUCER ACCURACY.—The main effects of
sample method and sample density influenced
producer presence accuracy at both sites (Table
1). No interaction between sample method and
sample density was detected at either site.
Acroptilon repens site: Systematic sampling
produced a higher average accuracy (7.9%)
than the systematic-random method (Fig. 3a).

There was no difference between the random
and systematic-random sample methods. Producer accuracies for the systematic, random,
and systematic-random sample methods were
73.1%, 68.4%, and 65.2%, respectively. Increasing sample density produced higher producer
accuracies (Fig. 3b). The 0.25% sample density
resulted in higher producer accuracies than all
other densities except for the 0.16% sample
density. Producer accuracy at the lowest sample
density was 58.0% and 79.3% at the highest.
Centaurea maculosa site: There were no
interactions between sample method and sample density (Table 1). Sample method and sample density main effects influenced user accuracy. Systematic sampling produced higher user
accuracies than the random sample method

WESTERN NORTH AMERICAN NATURALIST

318

[Volume 64

a

b

Fig. 2. MCA differences between sample methods of user’s accuracy for prediction presence at the A. repens site and
C. maculosa site: (a) sample method, (b) sample density. Significant differences are identified by a’s and b’s and x’s and
y’s for each site.

(7.0%) and the systematic-random sampling
(7.3%; Fig. 3a). Systematic-random and random
sample methods produced similar accuracies.
Centaurea maculosa presence producer accuracies for the systematic, random, and systematic-random sample methods were 74.5%, 67.5%,
and 67.2%, respectively. Higher producer accuracies occurred when sample density was increased from 0.04% and 0.06% (Fig. 3b). The
0.16% sample density produced higher producer
accuracies than the 0.08% sample density. The
0.25% sample density produced higher accura-

cies than the 0.11% sample density. There
was no difference in producer accuracy at the
2 highest densities. Producer accuracy was
57.7% at the lowest sample density and 78.7%
at the highest sample density.
OVERALL ACCURACY.—Sample method did
not affect overall accuracy at either site (Table
1). Sample density influenced overall accuracy
at both sites.
Acroptilon repens site: Mean overall accuracy
across all sample methods was 82.0%. Differences between 0.04% and 0.06%, 0.06% and
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a

b

Fig. 3. MCA differences of producer’s accuracy for prediction presence at the A. repens site and C. maculosa sites: (a)
sample method, (b) sample density.

0.16%, and 0.11% and 0.25% sample densities
were detected (Fig. 4b). The average accuracy
values ranged between 76.9% at the lowest
sample density and 86.8% at the highest sample density.
Centaurea maculosa site: Mean overall
accuracy across sample methods was 94.2%.
Increases in some sample densities produced
higher accuracies (Fig. 4b). Accuracy differences
occurred between 0.04% and 0.08%, 0.06%
and 0.11%, and 0.11% and 0.25% sample densities. The overall accuracy ranged between
92.3% at the lowest sample density and 95.8%
at the highest sample density.

Map Comparisons of
Sample Methods
At the 0.25% sample density, comparison of
1 replication of the 3 sampling methods showed
systematic sampling missed the fewest infestations at the A. repens site (Fig 5a). However,
systematic sampling resulted in a larger amount
of over-prediction (i.e., predicted incorrect) of
presence than random sampling. Most incorrectly classified locations using systematic sampling appear on the edges of large patches.
Random sampling resulted in incorrect predictions in the central portion of the study
area. Systematic-random sampling predicted
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Fig. 4. MCA differences of overall accuracy for prediction presence at the A. repens site and C. maculosa site: (a) sample method, (b) sample density.

incorrectly more areas present than random
and missed more infestations than systematic.
The maps also indicated systematic sampling
was able to capture a larger number of the
smaller infestations (<2.02 ha) more successfully than either random or systematic-random
sampling. Similar results occurred at the C.
maculosa site (Fig. 5b).
DISCUSSION
Sampling density had the greatest and most
consistent effect on prediction accuracies. At

the 0.25% sample density, overall accuracies
ranged from 78.0% to 86.8% at the A. repens
site and from 92.3% to 95.8% at the C. maculosa site. The highest values meet the United
States Geological Survey 85% classification
accuracy standard for vegetation mapping
(Anderson et al. 1976) and are suitable accuracy
levels for invasive plant management. Based
on experience from invasive plant managers,
traditional survey maps (except at the most
intensive level) rarely exceed these accuracy
levels (Cooksey personal communication). Since
sampling (even at the 0.25% density) would
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Fig. 5. Comparison of predicted infestation maps at 0.25% sampling density: predicted correct vs. predicted incorrect
vs. missed locations at (a) A. repens site, (b) C. maculosa site.
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take less time than traditional surveys, IDW
can be considered a potential alternative to
traditional survey mapping.
Sample method did not have as strong an
influence on accuracy values as sample density. At both our study sites, however, systematic sampling performed significantly better
than the other sampling methods for some of
the accuracy estimates. In contrast, at no time
did either the random or the systematic-random sample methods perform better than systematic sampling for any of the accuracy estimates at either site.
While systematic sampling was the most
appropriate sample method in this study for
IDW prediction mapping, there are some
potential limitations to using this method that
land managers should be aware of. Variations
in systematic sample locations can, at times,
result in nonrepresentative samples (Podani
1984), and if the sampling interval is not synchronized with the plant distribution, interpolation success may decrease (Fortin et al. 1989).
Our analyses, however, did not support these
concerns. Despite the fact that grid origins
were randomly shifted ±50 m in all systematic
sampling replications, only small variations in
accuracy results at each density were evident.
We found the average variation in accuracy
was only 3.1% at the A. repens site and 2.2% at
the C. maculosa site. One possible explanation
for the success of the systematic sampling
method in obtaining a consistently representative sample is the relatively high infestation
levels at the 2 sites. Therefore, at 12.1% infestation levels and higher, ~1 point ⋅ ha–1 might
be a high enough sampling interval to eliminate out-of-phase effects between a systematic
sampling grid and invasive plant distribution.
Based on the sample densities tested, we
were unable to determine an optimum sample
density (in all cases accuracies continued to
increase and did not level off). Even at the
highest sample densities (0.16%, 0.25%), accuracies were continuing to increase. At 0.25%
(~1 point ⋅ ha–1), however, relatively high accuracies for all estimates were reached, indicating that ~1 point ⋅ ha–1 can be a sample size
that would achieve time- and money-saving
management goals. We caution, however, that
appropriate sample densities might fluctuate,
depending on species and site location. The
most appropriate sample density for a management project may be unique to the management
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conditions. For each management situation infestation type, infestation levels, accuracy needs,
and time constraints should be considered.
Before making a final recommendation,
additional issues regarding the abilities and
limitations of sampling and IDW should be
discussed. The 1st is the inability of all sample
methods to predict presence/absence along
the infestation patch edges. Some spatial uncertainty is inevitable with any modeling effort.
Uncertainty is commonly estimated for digitizer error but has been applied to map classifications (Aspinall and Pearson 1995) and can
be used with the sampling/interpolation results
in this study. Using our data, when systematically sampling at 100-m intervals (0.25% density), the mean distance of each unsampled
location in each of the study areas was 38.2 m.
This distance value is an estimate of the positional uncertainty to expect from the predicted
infestation boundaries for the systematic/0.25%
sample strategy. Use of IDW to identify reduction or spread at the patch boundary when
changes are less than ~40 m is therefore inappropriate. Until spread has occurred at levels
greater than the spatial uncertainty, our results
indicate that land managers could calculate
changes only in total infestation levels and not
rely on data to identify changes within patches.
A 2nd limitation is the missed infestation
patches <2.02 ha in size by all sample methods.
According to sampling theory, when systematic sampling is used, the minimum detectable
patch size is twice the area determined by the
sampling interval (Theobald 1989). At the 0.25%
sample density, the intersample distance was
100 m, thus making 2 ha the minimum detectable patch size. Most of the small infestations
less than 2.02 ha were not identified using the
systematic sampling method. More sample
points would be necessary to produce highaccuracy maps if a greater number of small
patches exist or if infestation levels are low.
When choosing between systematic, random,
and systematic-random sampling methods, despite this limitation, the systematic sampling
method was more successful in capturing the
small patches than the other methods at both
study sites.
Inverse distance weighting is based on the
principle of spatial autocorrelation, meaning
that nearer locations have more similar conditions than further away locations. While spatial autocorrelation was not explicitly tested in
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this study, since IDW was successful at both
sites, spatial autocorrelation among the sample
locations necessarily exists. If sampling and
IDW are to be used at other sites, the sampling
interval must be high enough to capture the
spatial autocorrelation between points. This
might be more difficult in cases where infestation levels are lower than in this study. In
addition, higher sample sizes might be required
when more than a single species is being predicted. Our study also did not test the sensitivity of prediction under varying IDW power values (p) and variations in recategorization
thresholds (using values other than 0.5 for reclassification). Additional testing of variations
in these values would be useful.
This study has shown that sampling and
IDW can produce high accuracy presence/
absence distribution maps for 2 invasive plant
species at 2 study sites. Based on this research,
we recommend using sampling in conjunction
with IDW to create invasive plant distribution
maps. In our study systematic sampling at a
0.25% (~1 point ⋅ ha–1) sample density resulted
in overall map accuracies of ≥85%. For each
management case land managers should conduct a premapping test in order to determine
an appropriate sample strategy which will result
in suitable accuracies for their management
purposes. Additional research should focus on
determining minimum infestation level requirements for predicting distributions for A. repens,
C. maculosa, and other invasive species.
LITERATURE CITED
ANDERSON, J.R., E.E. HARDY, J.T. ROACH, AND R.E. WITNER.
1976. A land use and land cover classification system
for use with remote sensor data: USGS.
ASPINALL, R.J., AND D.M. PEARSON. 1995. Describing and
managing uncertainty of categorical maps in GIS.
Pages 71–83 in P. Fisher, editor, Innovations in GIS
2: selected papers from the second national conference on GIS research UK. Taylor & Francis, London.
BOMAN, G.K., F.J. MOLZ, AND O. GUVEN. 1995. An evaluation of interpolation methodologies for generating
three-dimensional hydraulic property distributions
from measured data. Ground Water 33:247–258.
COOKSEY, D., E.A. ROBERTS, AND R.L. SHELEY. 1999. Montana Noxious Weed Survey and Mapping System:
weed mapping handbook (v. 2.0) [handbook]. Montana State University, Bozeman. http://www.montana.edu/places/mtweeds/pubs.html.
DECLERCQ, F.A.N. 1996. Interpolation methods for scattered
sample data: accuracy, spatial patterns, processing
time. Cartography and Geographic Information Systems 23:128–144.

323

DIRKS, K.N., J.E. HAY, C.D. STOW, AND D. HARRIS. 1998.
High-resolution of rainfall on Norfolk Island. Part II,
Interpolation of rainfall data. Journal of Hydrology
208:187–193.
DONALD, W.W. 1994. Geostatistics for mapping weeds,
with a Canada thistle (Cirsium arvense) patch as a
case study. Weed Science 42:648–657.
FIRBANK, L.G. 1993. Implications of scale on the ecology
and management of weeds. Pages 91–104 in R.G.H.
Bunce, L. Ryszkowski, and M.G. Paoletti, editors,
Landscape ecology and agroecosystems. Lewis Publishers, Boca Raton, FL.
FORTIN, M.J., P. DRAPEAU, AND P. LEGENDRE. 1989. Spatial
autocorrelation and sampling design in plant ecology. Vegetatio 83:209–222.
GOEDICKEMEIER, I., O. WILDI, AND F. KIENAST. 1997.
Sampling for vegetation survey: some properties of a
GIS-based stratification compared to other statistical
sampling methods. Coenoses 12:43–50.
GOTWAY, C.A., R.B. FERGUSON, G.W. HERGERT, AND T.A.
PETERSON. 1996. Comparison of kriging and inversedistance methods for mapping soil parameters. Soil
Science Society of America Journal 60:1237–1247.
HEISEL, T., C. ANDREASEN, AND A.K. ERSBOLL. 1996.
Annual weed distributions can be mapped with kriging. Weed Research 36:325–337.
MOORE, P.D., AND S.B. CHAPMAN. 1986. Methods in plant
ecology. 2nd edition. Blackwell Publishers, Oxford.
PODANI, J. 1984. Analysis of mapped and simulated vegetation patterns by means of computerized sampling
techniques. Acta Botanica Hungaricae 30:403–425.
ROUHANI, S. 1996. Geostatistical estimation: kriging. Pages
20–31 in R.M. Srivastava, S. Rouhani, M.V. Cromer,
A.I. Johnson, and A.J. Desbarats, editors, Geostatistics for environmental and geotechnical applications.
American Society for Testing and Materials.
SHELEY, R.L., J.S. JACOBS, AND M.L. CARPINELLI. 1999.
Spotted knapweed. Pages 350–361 in R.L. Sheley
and J.K. Petroff, editors, Biology and management of
noxious rangeland weeds. Oregon State University
Press, Corvallis.
THEOBALD, D.M. 1989. Accuracy and bias issues in surface representation. Pages 99–106 in J.F. Goodchild
and S. Gopal, editors, Accuracy of spatial databases.
Taylor and Francis, London.
THOMPSON, S.K. 1992. Sampling. John Wiley & Sons,
New York.
TORTORA, R.D. 1978. A note on sample size estimation for
multinomial populations. American Statistician 32:
100–103.
WATSON, A.K. 1980. The biology of Canadian weeds [Centaurea repens (L.)]. Canadian Journal of Plant Science 60:993–1004.
WATSON, A.K., AND A.J. RENNEY. 1974. The biology of
Canadian weeds. 6. Centaurea diffusa and C. maculosa. Canadian Journal of Plant Sciences 54:687–701.
ZIMMERMAN, D., C. PAVLIK, A. RUGGLES, AND M.P. ARMSTRONG. 1999. An experimental comparison of ordinary and universal kriging and inverse distance
weighting. Mathematical Geology 31:375–390.
Received 4 November 2002
Accepted 26 August 2003

Western North American Naturalist 64(3), © 2004, pp. 324–330

OBSERVATIONS OF SAGEBRUSH GALL MORPHOLOGY
AND EMERGENCE OF RHOPALOMYIA POMUM
(DIPTERA: CECIDOMYIIDAE) AND ITS PARASITOIDS
Ruth A. Hufbauer1
ABSTRACT.—Galls induced by insects are specialized plant tissues thought to provide a suitable microclimate and
high-quality food for insect development. Galls are also hypothesized to provide protection from predators, and particularly from parasitoids, because larger galls may be too deep for parasitoid oviposition (enemies hypothesis). However,
galls may actually increase the risk of parasitism by making the location of gallformers more apparent (apparency
hypothesis). Rhopalomyia pomum (Diptera: Cecidomyiidae) forms soft, lobed galls on big sagebrush (Artemisia tridentata: Asteraceae). The volume of the largest galls can be 600X that of the smallest. Here I explore the relationships of the
number of lobes per gall and gall volume with the emergence of R. pomum and its parasitoids. I collected 159 galls from
4 locations in southern Utah in spring 2002, measured them, and monitored emergence from each. Lobing was not
related to midge emergence (F1,150 = 2.35, P = 0.13) but was positively associated with parasitoid emergence (F1,150 =
15.27, P < 0.001), suggesting that early season parasitoids attacking before gall development may contribute to lobe formation by disrupting cues from eggs or larvae to the plant, or that flies in lobed galls are more accessible to oviposition
by late season parasitoids. More midges emerged from larger galls than from smaller galls (F1, 150 = 22.0, P < 0.001),
but gall size was not related to parasitoid emergence (F1,150 = 0.3, P = 0.6), providing no support for either the enemies
or apparency hypothesis.
Key words: gall, Rhopalomyia, Artemisia, Cecidomyiidae, sagebrush, parasitoid, parasitism.

Gall-forming insects stimulate their host
plant to develop tumor-like growths that provide them with food and shelter (Abrahamson
and Weis 1997). Morphology of the galls
depends upon the species that induces it, and
characteristics of galls are often used in identification of gallformers (e.g., Gagné 1989).
Abrahamson and Weis (1997) argue that galls
can be seen as adaptations of the insects that
induce them rather than of the plant. However, there is ongoing debate about the adaptive nature of insect galls. Price et al. (1987)
described the competing hypotheses and
argued cogently that galls function to provide
superior nutritional resources and a more suitable microclimate for gallformers. Subsequent
research on nutritional quality of galls (Hartley
and Lawton 1992, Hartley 1998, Schonrogge
et al. 2000), water potential in galls (Fay et al.
1993), and distribution of galls in arid and
mesic biomes (Fernandes and Price 1992, Price
et al. 1998) lends support to those conclusions.
However, there is ongoing debate over whether
galls also act as a barrier to predation and parasitism, what Price et al. (1987) describe as the

“enemies hypothesis” (Askew 1965, Hawkins
and Gagné 1989, Cornell 1990, Schultz 1992,
Schonrogge et al. 1996, Stone and Cook 1998,
Tscharntke et al. 2001). Chemical composition,
size, and hardness are several characteristics
of galls that may influence rates of attack by
parasitoids (Cornell 1983). Gall size seems
particularly important, as parasitoids may not
be able penetrate large galls deeply enough
with their ovipositor to reach the gallformers,
leading to lower rates of parasitism of insects
in larger galls (e.g., Askew 1965, Price and
Clancy 1986, Plakidas and Weis 1994, Abrahamson and Weis 1997). However, presence of
a gall may also make insects more apparent to
their natural enemies, as pointed out by
Hawkins and Gagné (1989). Increasing gall
size may increase apparency of galls, potentially increasing the risk of parasitism rather
than decreasing it (Price et al. 1987), similar to
the idea that the apparency of a plant influences the risk of herbivore attack (Feeny
1976). For simplicity I call this explanation for
a positive association between gall apparency
and natural enemy attack the “apparency

1Department of Bioagricultural Sciences and Pest Management, Colorado State University, Fort Collins, CO 80523-1177.
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hypothesis.” Support for this idea comes from
Hawkins and Gagné (1989), who found that
cecidomyiid midges with more apparent galls
have more species of parasitoids associated
with them than cecidomyiids with less apparent galls, leaf rolls, or other unapparent modes
of feeding. However, this pattern does not
always hold because no significant differences
in parasitism between galling and nongalling
species of grass-feeding chalcids were found
by Tscharntke et al. (2001). Lack of relationship
between gall size and parasitism may be due
to parasitism occurring during the “window of
vulnerability” before the galls grow around the
gallformers (Washburn and Cornell 1979, Craig
et al. 1990, Briggs and Latto 1996).
Cecidomyiid gall midges are among the
most common and speciose of the gall-forming
insects. They are an ancient group found worldwide (Gagné 1989) that includes economically
important pests (e.g., Mayetiola destructor Say,
the Hessian fly) and biological control agents
of weeds (Peschken et al. 1989, Ehler and Kinsey 1993, Hinz and Müller-Schärer 2000,
Skuhravá and Hinz 2000, Sobhian et al. 2000).
Although some cecidomyiids are well studied,
the biology and ecology of others are poorly
understood, and new species and even genera
continue to be described at a rapid pace (Fedotova 2000, Gagné 2002, Kolesik et al. 2002).
Rhopalomyia pomum Gagné (Cecidomyiidae), a common gall-forming midge of big
sagebrush (Artemisia tridentata Nutt., Asteraceae), is unusual among gallformers in that it
induces a wide range of gall morphologies.
Rhopalomyia pomum galls can have from 1 to
many lobes (Jones et al. 1983) and can range
from 0.35 cm to over 3 cm in diameter, with
volumes varying 600-fold (see below). The physiological mechanisms leading to this variation
in gall morphology are not known. Here I
employ the naturally occurring wide range of
gall morphologies to explore associations between R. pomum gall size and lobing on parasitism in this system. I am particularly interested
in determining whether there is either a negative or a positive association between gall size
and parasitism, which would lend support to the
enemies hypothesis or the apparency hypothesis, respectively.
STUDY SYSTEM
Artemisia tridentata Nutt. (big sagebrush,
Asteraceae) is an erect, aromatic evergreen
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shrub of great ecological importance throughout its range in western North America (Monsen and Shaw 2000). In the Great Basin, sagebrush-dominated vegetation accounts for
approximately 46% of all habitats, and on the
Colorado Plateau it accounts for approximately 12% of all habitats (West 1979). There
are 3 parapatric subspecies of A. tridentata,
each of which uses slightly different environments (McArthur and Sanderson 1999, Monsen and Shaw 2000). Artemisia tridentata is
tolerant to browsing (e.g., Messina et al. 2002)
and provides important forage and habitat for
many vertebrates. In addition, it is host to specialized herbivorous insects including many
gall-forming midges. For example, in Idaho,
26 species of gall midges develop on the 3 subspecies of big sagebrush (Jones et al. 1983).
Rhopalomyia pomum Gagné (Cecidomyiidae), a gall midge specific to A. tridentata, is
among the more abundant galling species found
throughout most of the range of its host plant
(Gagné 1989). It forms galls on all 3 subspecies
of A. tridentata and on hybrids between them
(Graham et al. 2001). It is univoltine: eggs are
laid on leaves in late spring, galls form in late
summer and larvae develop and overwinter
within them, pupation occurs in the galls, and
pupae break through the gall surface the following spring prior to adult emergence (Jones
et al. 1983). The galls are globular to lobed,
soft and spongy, reddish, pale, or green, and
covered in short trichomes (Fig. 1; Gagné 1989).
METHODS
Galls were collected on 7 May 2002 from
approximately 20 plants at 3 locations in Garfield County, Utah (Table 1). The first 2 locations were in the Dixie National Forest, north
of Bryce Canyon National Park, and the 3rd
location was near the Lower Box entrance of
the Box Death Hollow Wilderness. At that 3rd
location, 2 collections were made: (1) from a
population of sagebrush spanning about 1 ha
in a dry wash, and (2) from 1 of 4 heavily
galled plants along the roadside. To sample
galls of all sizes without bias, I collected all of
the galls from each of the shrubs sampled, a
total of 159 galls.
I counted the number of lobes on each gall,
and then I measured each gall across its
widest dimension (x) and perpendicular to that
(y). Gall volume was approximated using the
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TABLE 1. Geographical coordinates of sample locations,
elevations, and sample sizes (N).
Location

Fig. 1. An illustration of a highly lobed R. pomum gall,
and a cross section of another gall. Reproduced from
Gagné (1989) with permission from Cornell University
Press.

formula for an ellipsoid (4πabc/3, where a =
x/2, b = y/2 and c = (x + y)/4 [the average of
the 2 measured radii]). Galls were placed in
individual resealable sandwich bags with a
piece of moist paper towel approximately 2 cm
× 2 cm. Galls were monitored daily or weekly
for 5 weeks. Paper towel pieces were moistened as needed to maintain a humid but not
wet environment in the bags. As R. pomum
emerged, they were counted, sexed, and removed from the bags. Parasitoids and other
insects were also counted and removed as
they emerged. In the analyses described below,
all parasitoid species were treated as a single
group.
I analyzed the data in 2 main ways to explore
the relationships between insect emergence,
lobing, and gall size. First, to determine the
association between the numbers of insects
emerging and gall morphology, I employed
Poisson regressions using the GENMOD procedure of SAS (SAS Institute, Inc. 1997). Rhopalomyia pomum and parasitoid counts were
natural-log transformed to improve their linearity, and a DSCALE option was included in
the model statements to account for overdispersion of the data. I examined effects of
lobing, gall volume, and collection location on
emergence of both R. pomum and its parasitoids. I calculated a version of R2 for these
models suggested by Christensen (1990) for
log-linear models. Here R2 is a measure of the

Latitude and
Longitude

Elevation (m)

N

1

Lat: 37°36′35″
Long: 111°54′19″

2009

47

2

Lat: 37°36′37″
Long: 111°54′9″

2104

27

3a, 3b

Lat: 37°56′13″
Long: 111°38′18″

1959

85

proportion of deviance explained by the model
and is calculated as (G20 – G2M)/G20 (where
G20 = the deviance of the null model with the
intercept term only and G2M = the deviance
of the full model).
The 2nd set of analyses focused on the relationship between what emerged from the galls
(irrespective of how many emerged) and gall
morphology. To this end I categorized galls into
4 types according to what came out of each:
only R. pomum, R. pomum and parasitoids,
only parasitoids, or neither R. pomum nor parasitoids. I used a simple 1-way ANOVA (JMP
Version 5; SAS Institute, Inc. 2002) to compare the lobing and volume of galls of the 4
types. Gall volume was natural-log transformed
to improve the normality of the residuals.
RESULTS
In addition to R. pomum and its parasitoids,
several other insects emerged from the galls.
There were 2 predatory taxa that appeared
either from within the galls or from between
the lobes: a single Syrphidae fly larva and 5
Cantheridae beetle larvae. In addition, many
early instar Myridae nymphs were found in
the bags. Because these nymphs were not visible on the outside of the galls when placed
into individuals bags, it is possible that they
emerged from eggs hidden between lobes.
Several adult Apion (sensu lato; Coleoptera:
Brentidae) emerged that were likely to be inquilines ( Jones et al. 1983). There were not
enough predators or inquilines to warrant statistical analyses. At least 6 parasitoid taxa
emerged. Three were uncommon (a Pteromalidae, a Eulophidae in the subfamily Euderinae, and an Ormyridae in the genus Ormyrus)
and 3 were more common (a Eupelmidae in
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TABLE 2. Significance of main effects from the Poisson regression models for (a) the number of Rhopalomyia pomum
gall midges and (b) the number of parasitoids emerging from the galls. Deviance and Pearson’s chi-square for both models divided by the degrees of freedom were <1, indicating acceptable fit of the models. See text for details of R2 calculations.
Source
a. Gall midges
Collection
Gall volume
Lobes

df

F

Pr > F

3,150
1,150
1,150

3.74
22.00
2.35

0.125
<0.001
0.127

R2

0.41
b. Parasitoids
Collection
Gall volume
Lobes

3,150
1,150
1,150

3.31
0.31
15.27

0.022
0.58
<0.001
0.19

the subfamily Eupelminae and 2 Torymidae: 1
in the subfamily Toryminae and 1 in the genus
Megastigmus). The 2 torimids made up approximately 80% of the parasitoids.
Rhopalomyia pomum emerging from a single
gall were either all male or all female, with 1
exception in which a single male emerged along
with 4 females. The average volume of galls
producing females (3.0 cm3) was not significantly different from that of galls producing
males (2.6 cm3; F1,46 = 0.23, P = 0.64). The
sex ratio of the flies was slightly female biased
overall (1.4), but it varied widely by collection
location (collection location 1 = 0.36; 2 = 3;
3a = 0.8; 3b = 1.6).
The number of lobes on galls ranged from 1
to 7, while gall volume ranged from 0.025 cm3
to 16.20 cm3. Poisson regression for the numbers of R. pomum emerging from each gall
showed no significant relationship between
lobing and the number of midges that emerged
(Table 2a) but showed that more midges
emerged from larger galls (Table 2a, Fig. 2a).
In contrast, the parasitoid model showed that
parasitoids were more abundant in highly
lobed galls, but gall volume had little association with the numbers of parasitoids that
emerged (Table 2b). Figure 2b illustrates the
relationship between lobing and parasitoid
emergence. For clearer visualization of the
pattern, overlapping points were separated by
adding a random number between –0.4 and
0.4 to the number of lobes for this graphic.
Twenty-two galls produced only R. pomum,
49 produced only parasitoids, 26 produced both
R. pomum and parasitoids, and 62 produced
nothing. Comparison of these 4 types showed
that galls that produced both R. pomum and

parasitoids had significantly more lobes than
galls producing either flies or parasitoids alone,
with galls that produced nothing having the
fewest lobes (Fig. 3a). Galls producing R.
pomum alone or with parasitoids were significantly larger than galls producing only parasitoids or nothing (Fig. 3b).
DISCUSSION
Rhopalomyia pomum emerging from a single
gall were typically unisexual. This sex segregation was also observed by Jones et al. (1983) in
R. pomum populations in Idaho and has been
observed for other Cecidomyiidae as well
(e.g., Mayetiola destructor, Stuart and Hatchet
1991; and Cystiphora sonchi, McClay 1996).
The mechanism by which unisexual broods are
formed is not completely clear. In the subfamily Cecidomyiinae (which includes Rhopalomyia), sex seems to be determined by the
number of chromosomes present. In most of
the species, females have 8 chromosomes (4
autosomes and 4 sex chromosomes) and males
have 6 (4 autosomes and 2 sex chromosomes;
Matuszewski 1982). In the Hessian fly (Mayetiola destructor), crosses between different
brood types (all female, all male, or bisexual)
suggest autosomal genes have alleles that
either maintain or eliminate the 2 paternally
derived sex chromosomes (Stuart and Hatchett 1991). A similar sex determination system
may be acting in R. pomum. The ecological
and evolutionary significance of unisexual
broods is unknown (McClay 1996).
The relationship between gall morphology
and the number of individuals emerging differed for gall midges and their parasitoids.
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Fig. 2. (a) Relationship between gall volume and the
number of R. pomum emerging. (b) Relationship between
number of lobes on a gall and number of parasitoids emerging. To separate overlapping points, a random number between –0.4 and 0.4 was added to the number of lobes.

The number of lobes per gall was not related
to the number of R. pomum that emerged;
however, it was positively associated with parasitoid emergence. More parasitoids emerged
from galls with more lobes than from galls
with fewer lobes. Two mechanisms that could
lead to this association are possible: (1) attack
by early season parasitoids before gall formation may actually cause the formation of lobes
by reducing the physiological cues that lead to
gall growth, so that instead of a single large
gall, several smaller ones are formed that are
attached to each other; and (2) attack by later
season parasitoids may be higher on lobed
galls (whatever the mechanism of lobe formation), because the distance from the exterior to
the gallformer will be smaller on average than
in single large galls. Distinguishing between
these possibilities is difficult, because timing
of parasitoid attack and the window of vulner-
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Fig. 3. Average lobing (a) and gall volume (b) of galls
that produced only R. pomum, R. pomum and parasitoids,
only parasitoids, or neither R. pomum nor parasitoids.
Bars with different letters are significantly different at the
α < 0.05 level using Tukey’s HSD.

ability of the midge to different parasitoid
species currently is unknown.
Examining the lobing of the 4 types of galls
(midges only, midges and parasitoids, parasitoids only, no emergence) showed that galls
producing both flies and parasitoids had the
most lobes on average. Since the galls producing only parasitoids had fewer lobes than galls
producing both flies and parasitoids, mechanism 1 above cannot be the only means of lobe
formation. Another possibility is that distinct
lobes may form when eggs in a clutch are slightly separated on a leaf.
Larger galls produced more R. pomum per
gall. This may simply be due to larger galls
forming around larger clutches of eggs, as
appears to be the case in the congener R. californica (Ehler and Kinsey 1993), or to larger
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galls increasing the chances for midge survival. Gall size was not related either positively
or negatively to parasitoid emergence, supporting neither the enemies hypothesis nor
the apparency hypothesis. It may be that most
parasitism takes place during the window of
vulnerability before galls develop, leading to
dissociation between parasitoid emergence and
gall size.
The larger volume of galls producing R.
pomum with or without parasitoids (Fig. 3b)
suggests that developing larvae may produce
the physiological cues that increase gall size
throughout their own development. If all gall
midge larvae die (through parasitism or other
means), the drop in cues may lead to the reduced size of galls that produced only parasitoids, and neither flies nor parasitoids.
Interactions between plants, gall midges,
and parasitoids are clearly complex. From this
correlative study it is not possible to discern
cause and effect. Are galls that produce R.
pomum larger than others because more midge
larvae are present to give the proper cues for
gall growth, or do large galls produce more R.
pomum because the midge larvae develop more
successfully in larger galls? These alternatives
are not mutually exclusive. Multiple factors
may interact to give the patterns seen here.
The data suggest that R. pomum gall size
does not influence overall parasitoid emergence either negatively (enemies hypothesis)
through providing a barrier too thick for oviposition, nor positively (apparency hypothesis)
by making the whereabouts of the flies more
obvious. However, the parasitoid data were
not analyzed separately by individual species
due to total sample sizes available. Individual
species may be influenced by gall size positively or negatively, depending on factors such
as their host-finding mechanisms and their
timing of attack.
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SURVIVAL RATES OF TRANSLOCATED AND
NATIVE MOUNTAIN QUAIL IN OREGON
Michael D. Pope1,2 and John A. Crawford1
ABSTRACT.—We estimated survival rates for 232 radio-tagged native (n = 157) and translocated (n = 75) Mountain
Quail (Oreortyx pictus) from 1997 to 1999 in Hells Canyon National Recreation Area (HCNRA) in northeastern Oregon
and in the Cascade Mountain Range (CMR) of southwestern Oregon. For the combined areas the estimated survival rate
during 150-day intervals was 0.42 ± 0.04. Estimated survival was 0.41 ± 0.04 for Mountain Quail in HCNRA and 0.34 ±
0.34 for quail in CMR. There were no differences in survival functions for native quail in HCNRA and CMR (P = 0.91),
for translocated and native quail in HCNRA (P = 0.93), for native quail in CMR and translocated quail in HCNRA (P =
0.97), or for birds released in the fall and birds released in the winter (P = 0.57). Male and female survival functions
were significantly different (χ21 = 4.61, P = 0.02). The estimated risk ratio for males was 0.66 that of females. Translocated wild Mountain Quail appeared to have survival rates similar to native quail. Mountain Quail experienced mortalities of >50% over a 150-day interval in both the conifer forests of the western Cascade Mountain Range and the semiarid habitats of northeastern Oregon. With the ability to rapidly expand their populations and exploit marginal habitats,
Mountain Quail are excellent candidates for reintroduction programs, and translocated wild Mountain Quail could be
used to supplement declining populations.
Key words: Mountain Quail, Oreortyx pictus, Oregon, survival rates, translocated and native quail.

Mountain Quail (Oreortyx pictus) distributions have contracted in the western Great
Basin during the 20th century, particularly in
western Nevada, eastern Oregon, and western
Idaho (Heekin 1993, Brennan 1994, Crawford
2000). Concerns about the status of Mountain
Quail in the Snake River basin provided the
impetus to petition this species for listing under
the Endangered Species Act. However, much
of their life history is poorly documented or
unknown (Gutiérrez and Delehanty 1999). Like
most quail in North America, Mountain Quail
are presumed to have high annual mortality
(Gutiérrez and Delehanty 1999). Age ratios for
Mountain Quail captured in the Mojave Desert
from 1993 to 1997 suggest that populations may
experience high rates of turnover (Gutiérrez
and Delehanty 1999), but no studies have determined survival rates for Mountain Quail.
The continued decline of Mountain Quail in
eastern ranges makes accurate estimates of
Mountain Quail survival critical for restoration
planning and population management.
Translocations have been used as a conservation technique to reestablish or increase native
populations in regions where these species have
been extirpated or have undergone decline

(Scott and Carpenter 1987). Yet only a few
studies (Liu et al. 2002, Perez et al. 2002) have
compared survival of translocated with resident populations.
During the breeding season Mountain Quail
may produce multiple clutches and large broods
(Pope and Crawford 2001, Pope 2002); yet high
reproductive potential is likely counterbalanced
by high mortality. The objectives of our research
were to compare estimated survival rates of
Mountain Quail in 2 ecologically different
areas, the Cascade and Coast Ranges of southwestern Oregon and the Hell’s Canyon area of
northeastern Oregon. Mountain Quail in southwestern Oregon are generally abundant with
populations distributed homogeneously in the
coniferous forests of the Coast and Cascade
Mountain Ranges. Mountain Quail in the semiarid regions of eastern Oregon are sparsely
distributed and mostly confined to narrow, disjunct riparian zones. Males actively participate in nest incubation and brood care (Pope
and Crawford 2001). Males may experience
similar risks (e.g., increased exposure to predation and lower survival) by sharing extensively
with females in the costs of reproduction during the breeding season (incubation and brood
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rearing). We hypothesized that survival rates
for Mountain Quail in the semiarid regions of
northeastern Oregon and the coniferous
forests of the Cascade Mountains would be
different because of dissimilar environmental
conditions. We also hypothesized that males
and females would have comparable survival
rates because of their similar roles during the
breeding season. For restoration planning we
compared survival rates of native populations
of Mountain Quail in northeastern and southwestern Oregon with translocated wild Mountain Quail.
STUDY SITES
We studied Mountain Quail from 1997 to
1999 in Hells Canyon National Recreation
Area (HCNRA) located on the Columbia Plateau in northeastern Oregon and in the western Cascade Mountain Range (CMR) of southwestern Oregon. The 2000-km2 study site in
HCNRA is characterized by steep canyons
dissected by stream systems. Forests above
1600 m are dominated by ponderosa pine
(Pinus ponderosa), Douglas-fir (Pseudotsuga
menziesii), and grand fir (Abies grandis). Canyon lowlands contain common understory and
transition zone shrubs including hawthorns
(Crataegus spp.), snowberry (Symphoricarpos
albus), and mallow ninebark (Physocarpus
malvaceus). Grassy uplands are primarily composed of Idaho fescue (Festuca idahoensis) and
bluebunch wheatgrass (Agropyron spicatum;
Pelren 1996, Crowe and Clausnitzer 1997).
Most of the lowlands are private holdings primarily managed for livestock grazing or managed by the U.S. Forest Service as part of
HCNRA. Uplands are mostly administered by
the U.S. Forest Service or the Bureau of Land
Management. Hunting is allowed for Mountain
Quail in northeastern Oregon from October to
December with a 2 bird per day limit. Elevations range from 900 m to 2000 m. Temperatures in 1999 ranged from an average monthly
low of 0°C in January to an average monthly
high of 26°C in August, and mean annual precipitation was 40 cm (Oregon State University,
Climate Center, Corvallis, OR).
The 1400-km2 study site in CMR is characterized by dense conifer and mixed hardwood
forests dominated by Douglas-fir, western
hemlock (Tsuga heterophylla) or Oregon white
oak (Quercus garryana), and Pacific madrone
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(Arbutus menziesii; Franklin and Dyrness 1988).
Common understory shrubs include manzanita
(Arctostaphylos spp.), ceanothus (Ceanothus
spp.), vine maple (Acer circinatum), salal (Gaultheria shallon), poison oak (Rhus diversiloba),
and Oregon grape (Berberis spp.) Most of the
land in CMR is managed by the U.S. Forest
Service or the Bureau of Land Management.
Mountain Quail in CMR are hunted from September to January with a 10 bird per day limit.
Elevations range from approximately 600 m to
1800 m. Mean monthly temperatures in 1999
ranged from 9°C in January to 29°C in August,
and average annual precipitation was 76 cm
(OSU Climate Center, Corvallis, OR).
METHODS
We captured Mountain Quail with treadle
traps baited with grain (Pope 2002). Captured
birds were fitted with flexible, necklace-style
transmitters weighing 3.6 g (Model PD2C,
Holohil Systems, Ltd., Woodlawn, Ontario,
Canada), <2% of their body weight. All birds
were banded, weighed, and blood was extracted
and analyzed for gender identification (PE
AgGen, Davis, CA). Beginning 1 week after
release, all birds were relocated visually from
the ground at least 2 times per month to
determine survival during the projected life of
the radio transmitter (150 days).
Statistical Analysis
We used the maximum partial likelihood
estimation method (Cox 1972) with PROC
PHREG (SAS Institute, Inc. 1999) to develop
proportional hazard models for Mountain Quail
in CMR and HCNRA. We combined data from
both locations and included 6 explanatory
variables in our global model: (1) sex (male or
female), (2) location (HCNRA or CMR), (3) type
(translocated or native quail), (4) year 1 (1997),
(5) year 2 (1998), (6) year 3 (1999). All birds
were classified as died, censored (disappeared
or radio-failed), or lived. Interval estimates were
derived by subtracting the date of release after
capture from date of last encounter. For CMR
we tested proportional hazard models with sex,
year 1, year 2, and year 3 as explanatory variables, and for HCNRA we used sex, type, year
1, year 2, and year 3 as explanatory variables.
To determine if hazard functions were different for native quail in CMR and HCNRA,
CMR native and HCNRA translocated quail,
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and HCNRA translocated and native quail, we
used the Kaplan-Meier (KM; Kaplan and Meier
1958, Pollack 1989) estimator and the log-rank
(Mantel-Haenszel test) chi-square test in PROC
LIFETEST (SAS Institute, Inc. 1999) and the
BASELINE statement in PROC PHREG (SAS
Institute, Inc. 1999, Allison 2001). Additionally,
log-rank tests were used to determine differences in survival functions for male and female quail in HCNRA and CMR, for native
quail captured in the fall and winter in HCNRA,
and between different years.
RESULTS
We captured 235 Mountain Quail in CMR
and HCNRA from 1997 to 1999. Eighty-six
birds captured in CMR were fitted with transmitters and released at the trap sites in late
winter and early spring 1997–1999. Seventyfive birds captured in CMR were transported
to HCNRA, fitted with transmitters, and released in 2 drainages in late winter 1997–1998.
Seventy-four Mountain Quail in HCNRA were
captured, equipped with transmitters, and
released at their trap sites in fall and spring
1998–1999. We excluded 3 birds from the
analysis because they were not relocated after
release. Of 232 radio-tagged Mountain Quail
used in the analysis, 102 (44%) were males,
119 (51%) were females, and 11(5%) were birds
of unknown sex. One hundred nineteen (51%)
Mountain Quail died during and 53 (23%)
lived throughout the entire interval (166 days).
Sixty (26%) disappeared or their radios prematurely failed before the interval ended. Fortyseven (46%) males died, 70 (59%) females died,
and 2 Mountain Quail of unknown sex died. In
HCNRA 78 of 149 (52%) radio-tagged Mountain Quail died, 33 (22%) lived throughout the
interval, and 38 (27%) disappeared or had premature radio transmitter failures. Thirty (48%)
males, 46 (60%) females, and 2 birds of unknown
sex died. In CMR 41 of 83 (49%) radio-tagged
Mountain Quail died, 24 (29%) lived the entire
interval, and 18 (22%) disappeared or the radios
failed. Seventeen of 39 (44%) males died, and
24 of 42 (57%) females died. Thirty-six of 72
(50%) translocated Mountain Quail died in
HCNRA, 18 (25%) lived throughout the interval, and 18 (25%) disappeared or the radio
transmitters prematurely failed. Forty-two of
74 (57%) native Mountain Quail in HCNRA
died, 15 (20%) lived, and 17 (23%) disappeared
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or their radios failed. We had no band returns
of birds killed by hunters.
For HCNRA and CMR combined, the only
model with a significant effect (χ21 = 4.6, P =
0.03) contained sex as the single explanatory
variable. The risk of mortality for males was
0.67 that of females. Models tested for the
individual study areas showed no significant
effect for variables in the global model or subsets of the global model. For Mountain Quail
in HCNRA, the hazard function declined after
120 days and for CMR after 90 days (Fig. 1a).
The hazard function declined for females after
90 days and increased for males after 90 days
but declined after 120 days (Fig. 1b). For native
quail the hazard function declined after 90
days and declined for translocated quail after
30 days but increased after 90 days (Fig. 1c).
At the end of the interval (150 days) the
survival rate was 0.42 ± 0.04 for the combined
areas (Table 1). The survival rate for HCNRA
was 0.41 ± 0.04, and the survival rate for CMR
was 0.34 ± 0.09. There was no difference in
survival functions for native quail in HCNRA
and quail translocated from CMR (χ21 =
0.001, P = 0.97; Fig. 2a). There was a significant difference in survival functions for males
and females (χ21 = 4.61, P = 0.032; Fig. 2b),
but no differences were found for native quail
in CMR and translocated quail in HCNRA
(χ21 = 0.006, P = 0.93; Fig. 2c) or for native
quail in HCNRA and CMR (χ21 = 0.002, P =
0.91; Fig. 2d). Additionally, no differences for
survival functions were found for fall and winter survival of quail (χ21 = 0.31, P = 0.57) in
HCNRA or between different years of the
study (χ22 = 2.31, P = 0.23).
DISCUSSION
Contrary to expectation, survival rates for
Mountain Quail in southwestern Oregon and
northeastern Oregon were similar during winter, spring, and summer. No previous studies
exist that have compared survival rates of
Mountain Quail in areas with different ecological conditions. Different estimates of annual
survival for Northern Bobwhite (Colinus virginianus; Burger et al. 1995) and Gambel’s
Quail (Callipepla gambelii; Brown et al. 1998)
have been reported from different locations
across their ranges. Differences in survival
estimates between studies may be caused by
variations in techniques, locations, or time
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Figs. 1a–c. Daily hazard estimates for Mountain Quail
in Hell’s Canyon National Recreation Area (HCNRA) and
Cascade Mountain Range (CMR), Oregon, 1997–1999.
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(Burger et al. 1995), or may be confounded by
proximate factors such as erratic cycles of explosive population growth followed by rapid
declines in populations. A number of species
in the Odontophoridae demonstrate irruptive,
locally based population growth with boom
and bust years (Rollins and Carroll 2001).
Irruptions have been attributed to droughts
(Wallmo 1957, Campbell et al. 1973), vitamin
A deficiencies (Lehmann 1953), and lack of
nesting cover (Rollins 1999). Mountain Quail
likely experience similar population fluctuations that may not appear in year-to-year survival comparisons, and long-term trends may
be more useful for population management.
We hypothesized that males and females
would have similar survival rates because of
the equal investment that males have in parental care (Pope and Crawford 2001), but our
results indicated that the hazard of death for
males is less than for females. Pollack et al.
(1989) reported that male survival for Northern Bobwhites in fall and winter is higher, but
Burger et al. (1995) and Curtis et al. (1988)
found no difference in survival by gender. A
number of studies have reported male bias in
Northern Bobwhite populations (Burger et al.
1995), and the authors suggested that bias results from differential survival during the breeding season (Roseberry and Klimstra 1992) or
from higher harvest rates for females during
hunting season (Pollack et al. 1989). Brown and
Gutiérrez (1980) found that most New World
quail appear to have male-biased populations
but speculated that the least dimorphic members of the New World quail (e.g., Scaled Quail
[Callipepla squamata] and Mountain Quail) may
exhibit the lowest ratio of males to females.
Population sex ratios have not been adequately
determined for Mountain Quail, but data from
this study and more recent Mountain Quail
research in Oregon (Jackle et al. 2002) found
that 53% of 513 Mountain Quail captured from
1997 to 2003 in Oregon were females. The
bias in male survival that we observed may be
attributed to the limited sample of birds used
in our analysis, and larger samples may provide more accurate assessments of survival
differences for males and females.
No differences in survival functions were
found for Mountain Quail captured and released in the fall and Mountain Quail captured
and released in the winter in HCNRA. No comparable study was attempted in the Cascade
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TABLE 1. Survival rates, sx–, and median (50th percentile) time of death of Mountain Quail in Hell’s Canyon National
Recreation Area (HCNRA) and the southwestern Cascade Mountain Range (CMR), Oregon, 1997–1999.
Category
Males
Females
Native quail
Reintroduced quail
HCNRA quail
Males
Females
Natives
CMR quail
Males
Females
1997
1998
1999

Survival rate

sx–

n

Median death
rate (days)

0.49
0.32
0.40
0.43
0.41
0.48
0.31
0.41
0.34
0.50
0.35
0.54
0.37
0.39

0.05
0.05
0.04
0.06
0.04
0.07
0.06
0.06
0.09
0.09
0.08
0.07
0.06
0.07

102
119
157
72
149
63
77
77
83
39
42
59
87
86

102
88
100
108
100
135
94
106
100
130
85
60
96
100

Figs. 2a–d. Survival plots for Mountain Quail in Hell’s Canyon National Recreation Area (HCNRA) and Cascade
Mountain Range (CMR), Oregon, 1997–1999.
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Mountains in southwestern Oregon. Differential seasonal mortality has been noted for Northern Bobwhites (Pollack et al. 1989, Burger et al.
1995), but these survival differences may have
resulted from the additivity of hunting mortality
for populations harvested in late winter (Pollack et al. 1989). Mountain Quail are hunted
during the fall in HCNRA but the restricted
harvest (2 birds per day), remote location of
our study site, and secretive nature of this
species suggest that hunting had little impact
on survival.
Differences in seasonal predator abundances
and the relationship of exposure to predators
and seasonal behaviors have not been adequately studied. Burger et al. (1995) observed that
male bobwhites are more vulnerable to avian
predation during the breeding season because
males often display in exposed areas such as
fence posts and roadsides. They noted that during the same period females are more affected
by mortality associated with incubation and
brood rearing. Rollins and Carroll (2001) reviewed impacts of predation on Scaled Quail
and Bobwhite populations and concluded that,
while predation is the primary cause of mortality, habitat degradation and fragmentation
likely exacerbate the risk of predation by changing the dynamics of predator and prey communities.
Management Implications
Mountain Quail captured in CMR and translocated to HCNRA had similar survival rates
compared to native quail in HCNRA and in
CMR. Translocations of wildlife to supplement
or reestablish populations of native species
have become an important and broadly accepted
conservation technique (Griffiths et al. 1996).
A survey of translocation programs estimated
that nearly 90% of approximately 700 translocations between 1973 and 1986 were game
species, and gallinaceous birds accounted for a
significant proportion (43%) of these translocation efforts (Griffiths et al. 1989). Few translocation efforts incorporated post-release monitoring that evaluated the effectiveness of the
program or compared survival of native and
translocated populations (Griffith et al. 1989).
Game farm or pen-raised animals are usually
less successful than wild birds as a source for
translocations (Fellers and Drost 1995, Perez
et al. 2002). The wild Mountain Quail translocated to HCNRA survived for as long as or
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longer than the native quail in the same area.
With the ability to rapidly expand their populations and opportunistically exploit marginal
habitats, Mountain Quail are excellent candidates for translocations, particularly given the
abundant sources of wild populations in western Oregon. This species can withstand repeated
handling, long-term captivity, and transport
(Pope 2002). Mountain Quail have been successfully introduced into parts of Washington,
Oregon, and British Columbia, demonstrating
an ability to colonize habitats with significantly different topographic and edaphic conditions (Mclean 1930, Aldrich and Duvall 1955,
Crawford 2000).
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SEASONAL HABITAT USE AND SELECTION OF CHUKARS
IN WEST CENTRAL IDAHO
Andrew J. Lindbloom1,3, Kerry P. Reese1, and Peter Zager2
ABSTRACT.—We examined radio-marked Chukar (Alectoris chukar) habitat use and selection in west central Idaho
during spring and summer of 1995 and 1996. Use of habitats also was compared with abundance and distribution of yellow starthistle (Centaurea solstitialis), an exotic species that is increasingly abundant in Chukar habitats. During summer
Chukars used areas of southeast aspect 12% less (P = 0.002) and areas of northwest aspect 11% more (P = 0.008) than in
spring. Chukars also used areas that averaged 9% steeper slopes (P < 0.001) and 83 m lower elevations (P = 0.054) in
summer than in spring. Shrub cover types were used 22% more (P < 0.001) in summer than in spring, whereas rock
cover types were used 12% less (P < 0.009). Chukars used both rock and shrub cover types more than expected in
spring (26% and 11% more, respectively) and summer (14% and 33%; P < 0.05). Grass use and forb use by Chukars
were high in both seasons, ranking 1st in spring (42% of locations) and 2nd in summer (35%); however, observed use was
less than expected use (76%) during both seasons (P < 0.05). Areas with greater ground cover of yellow starthistle also were
used 33% less (P < 0.05) than expected, implicating the detrimental effects of this exotic plant on habitat use of Chukars.
Key words: Alectoris chukar, Centaurea solstitialis, Chukar, habitat use, selection, Idaho, yellow starthistle, radio
telemetry.

Although understanding of habitat use is
considered critical for management of wildlife
(White and Garrott 1990), research on use and
selection of habitats by Chukars (Alectoris
chukar) is absent. Only qualitative assessments
exist in the literature, with the most detailed
account describing ideal Chukar habitat as about
50% sage (Artemisia spp.)-cheatgrass (Bromus
tectorum)-bunchgrass, 45% talus slopes, rock
outcroppings, cliffs and bluffs, and 5% brushy
creek bottoms and swales (Galbreath and
Moreland 1953). Characteristics of habitats used
within and between seasons are even less understood, and the proportional use of habitats relative to availability has not been studied.
Impacts of invading yellow starthistle in
Chukar habitats require immediate attention.
Yellow starthistle is an introduced annual knapweed, 0.5 m to 1 m in height, from Eurasia. It
has infested approximately 1,215,000 ha in
Idaho, California, and Washington and continues to spread rapidly throughout the Chukar’s
range (Callihan et al. 1989).
We conducted a 2-year research project using radio telemetry to investigate habitat use
and selection by Chukars. We collected descriptive data important to wildlife managers such

as slope, aspect, elevation, and plant species of
habitats used by Chukars. We analyzed data
collected from radioed birds to (1) compare
habitats used by Chukars in spring and summer, (2) assess whether habitat use differed
between males and females, (3) determine if
Chukars used cover types in proportion to
their availability, and (4) ascertain if Chukars
used areas dominated by yellow starthistle in
proportion to their availability.
STUDY AREA
Our research was conducted in the canyon
grasslands of the lower Salmon River in west
central Idaho (45°55′N, 116°22′W), approximately 14 km south of Cottonwood. Boundaries
of the 2036-ha study area were delineated by
Chukar movements and natural physiographic
barriers (Lindbloom 1998). The general climate
of the lower Salmon River region is semiarid,
characterized by hot, dry summers and mild
winters with little snow in the valley bottoms
(Tisdale 1986). Elevations range from 402 m
to 1108 m with slopes of 45%–75% (Tisdale
1986). Numerous vertical cliffs and talus
slopes of Columbia River basalt are present,

1Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844.
2Idaho Department of Fish and Game, 1540 Warner Avenue, Lewiston, ID 83501.
3Present address: South Dakota Department of Game, Fish, and Parks, 20641 SD Hwy 1806, Fort Pierre, SD 57532.
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and intermittent springs, creeks, and livestock
watering ponds are interspersed throughout
the area.
Land ownership along the canyon and plateau portions of the study area is primarily private, but most riparian habitats of the Salmon
River are administered by the Bureau of Land
Management. Livestock grazing is the principal land use of the study area. The plains area
above the river canyons and adjacent to the
study area is extensively planted to wheat.
Natural vegetation of the study area developed from flora of the Pacific Northwest and
was strongly dominated by bunch grasses (Horton 1972). Tisdale (1986) reported that plant
communities characterized by bluebunch
wheatgrass (Agropyron spicatum), Idaho fescue (Festuca idahoensis), and hood sedge (Carex
hoodii) occupy most of the grassland area in
west central Idaho. Sand dropseed (Sporobolus cryptandrus) and red threeawn (Aristida
longiseta) occur at low elevations. Small inclusions of shrub-grass types are dominated by
stiff sagebrush (Artemisia rigida), common
snowberry (Symphoricarpos albus), smooth
sumac (Rhus glabra), curlleaf mountainmahogany (Cercocarpus ledifolius), and netleaf
hackberry (Celtis reticulata; Tisdale 1986).
Invasion of exotic annuals like cheatgrass and
yellow starthistle has modified the historic
natural vegetation composition in many areas
of the lower Salmon River canyon.
METHODS
Data Collection
Fifty-one Chukars were captured between
late January and early May with baited walk-in
traps (Christensen 1970). Necklace-mounted
transmitters, weighing an average 10.8 g, were
attached to 22 birds (13 M, 9 F) in 1995. Because
of difficulties experienced using necklacemounted transmitters (Lindbloom 1998), we
used backpack-mounted transmitters, weighing an average 14 g, on 29 birds (17 M, 12 F)
captured in 1996. Radio-marked Chukars were
located approximately weekly during April–
August in 1995 and 1996. Locating birds weekly
allowed sufficient time for Chukars to sample
all cover types on the study area, given spatial
heterogeneity of cover types and mobility of
the birds. Unmarked birds were located with a
dog during initial pretrapping surveys and
while pursuing radio-marked Chukars. Covey

339

locations were counted as 1 habitat location. If
>1 radio-marked Chukar was in a covey, data
were recorded for only 1 randomly selected
bird (Alldredge and Ratti 1992). To prevent
bias of habitat use toward time of day, we
attempted to systematically obtain an equal
number of observations during 3 diurnal time
periods: (1) sunrise to 1000 hours, (2) 1001–1400
hours, and (3) 1401 hours to sunset (Alldredge
and Ratti 1992).
All Chukar locations from 16 February to
10 June were categorized as spring locations,
when habitat was used during pair formation,
breeding, and 1st nesting attempts. Summer
locations were gathered between 11 June and
13 August and reflected habitat use during
renesting and brood rearing.
Habitat sampling for each location occurred
within a 10-m-radius circle centered at the
flush site of radio-marked birds and incidental,
unmarked birds. Because Chukars are notorious for running uphill, we attempted to
approach birds from the uphill side. Habitat
data were not recorded if movements were
detected while listening to the transmitter frequency or if birds were observed moving prior
to flushing. Slope, aspect, elevation, cover type,
percent of each cover type, and percent ground
cover by yellow starthistle were recorded at
all habitat use locations. Because of the circular nature of aspect data, we categorized measurements into 4 quadrants: (1) northeast (0°–
90°), (2) southeast (91°–180°), (3) southwest
(181°–270°), or (4) northwest (271°–360°). In
addition, we recorded the 3 most abundant
(based on estimated ground coverage) species
of grass, forb, and shrub.
Four cover types were identified for analysis of habitat use and selection: (1) rock (talus,
outcrop, cliff), (2) shrub, (3) grass/forb, and (4)
agriculture. Because most locations contained
>1 vegetative or physical characteristic or
both, determination of cover type was based
on the percentage of cover types present inside
the 10-m-radius circle. Agricultural cover types
were characterized as areas containing ≥50%
agricultural crop, whereas shrub cover types
contained ≥20% shrubs. Areas containing ≥20%
rock cover but <20% shrub characterized rock
cover types. Grass/forb cover types were characterized by areas containing <20% rock or
shrub, with grass and forbs comprising the
greatest percent of cover for the location.
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Ground cover of yellow starthistle, grasses,
forbs, and shrubs, and cover type percentages
at Chukar locations were most often determined
from visual estimation. To calibrate these estimates, we measured 22 bird locations using
10-m line intercepts (Canfield 1941) extended
in cardinal directions from the flush site. These
measurements were completed in different
cover types throughout the seasons to sample
plants in various phenological stages and provide checks on the accuracy of visual estimations.
To quantify cover type availability at the
study-area level, all cover types were delineated
on 7.5-minute-series orthophotoquads by interpreting aerial photographs. Cover type availability was measured by overlaying the orthophotoquads with 100-dot-per-square-inch grids.
Availability of areas with ground cover of
yellow starthistle was determined during peak
bloom (late July). Two categories of ground
cover were measured: (1) starthistle ≤5% and
(2) starthistle >5%. Category 1 areas contained
no starthistle or only sparse densities and
were easily discernible from category 2 areas
as non-starthistle habitats. Category 2 areas
generally contained medium to high densities.
These categories were delineated on aerial
photographs by walking and driving the study
area and using a spotting scope. Data were
later transferred to orthophotoquads and area
per category of starthistle ground cover was
measured using dot grids. Approximately 41%
(815 ha) of the study area was classified as category 1 and 59% (1169 ha) as category 2.
Statistical Analyses
Habitat use data were tested to evaluate
the appropriateness of pooling among (1) locations of radio-marked and unmarked birds, (2)
gender, (3) years, and (4) seasons. We used a
categorical data modeling procedure (PROC
CATMOD; SAS Institute, Inc. 1990) to construct log-linear models that allowed for the
examination of 2-, 3-, and 4-way interactions
among cover type, year, season, and gender.
Because gender was unknown for locations of
unmarked Chukars, log-linear models were constructed without data from unmarked birds.
Due to insufficient sample size, log-linear models could not be used to compare marked and
unmarked birds; however, chi-square homogeneity tests provided 2-way interaction analyses. Chi-square analysis tested whether habitat
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use data among years, seasons, and marked/unmarked locations were homogeneous. Because
homogeneity analyses and log-linear models
both indicated that habitat use differed between
seasons, Z-tests for comparing 2 binomial proportions were constructed to determine which
cover types were used differently.
Methods of weighting observations, assumptions, and characteristics of our data set (Alldredge and Ratti 1992) were most influential
in choosing the method of analyzing habitat
selection (Lindbloom 1998). Chi-square goodness-of-fit tests, in conjunction with the Yates
correction for continuity factor for pooled data
(Zar 1996:467), were used to assess whether
proportional use of cover types during spring
or summer differed significantly from proportional availability in the study area (Neu et al.
1974). Bailey’s confidence intervals (Bailey
1980, Cherry 1996) were constructed to detect
if differences existed between observed and
expected use of cover types.
Because minimum expected frequencies of
agriculture cover type did not meet the requirements of Dixon and Massey (1969), and
frequencies were too low to be analyzed in
log-linear models, we performed tests of homogeneity without the agriculture cover type.
For purposes of selection analysis, however,
agriculture cover types were tested with goodness-of-fit statistics.
To address the possible avoidance of yellow
starthistle, we first constructed log-linear models
(PROC CATMOD; SAS Institute, Inc. 1990)
to assess 2- and 3-way interactions among use
of yellow starthistle ground cover, year, and
gender. Because the thistle does not attain full
growth until summer, we measured and analyzed use and availability for this season only.
A chi-square homogeneity analysis was conducted to compare yellow starthistle use between locations of marked and unmarked birds.
A goodness-of-fit test was used to test proportional use and availability of yellow starthistle
ground cover categories (Neu et al. 1974). Bailey’s confidence intervals (Bailey 1980, Cherry
1996) were constructed to assess differences
between observed and expected use.
RESULTS
Grass/forb cover type was the most abundant habitat in the study area (77.5% of the
study area), followed by rock (11.3%), shrub
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(6.3%), and agricultural fields (4.9%). Two cover
types, trees and Conservation Reserve Program
(CRP) fields, accounted for <3% of the study
area and were not used by Chukars. Consequently, these cover types were excluded from
the statistical analyses.
Habitat use data were gathered from 346
bird locations of 51 radio-marked Chukars (30
M, 171 locations; 21 F, 113 locations) and 62
unmarked Chukar locations in 1995 (124 locations) and 1996 (222 locations). For each radiomarked Chukar, we collected data from an
average of 9.1 ± 1.2 sx– (range = 1–22) locations. Twenty percent of Chukar locations
were from the 1st diurnal time period, 48%
from the 2nd, and 33% from the 3rd.
Chukars used steeper slopes (t = –4.887, P
< 0.001) and lower elevations (t = 1.936, P =
0.054) in summer than in spring. Slopes used
in summer were 60% ± 1.4% (x– ± sx–; range =
8–90, n = 156), whereas slopes of locations in
spring averaged 51% ± 1.6% (range = 0–94, n
= 169). Elevations of habitats used by Chukars
averaged 963 ± 9 m (range = 595–1107, n =
171) during spring and 880 ± 12 m (range =
543–1098, n = 158) during summer.
Aspect of locations ranged from 18° to 358°
and 14° to 359° in spring and summer, respectively. Four percent of Chukar locations during spring were in areas of northeast aspect,
whereas 24%, 54%, and 18% were southeast,
southwest, and northwest, respectively. For
summer locations, 5%, 12%, 54%, and 29% were
categorized as northeast, southeast, southwest,
and northwest, respectively. Aspect measurements from spring locations were not homogeneous to measurements from summer locations (χ2 = 11.5, df = 3, P = 0.009). Chukars
used southeast aspects 12% less (Z = 2.9, P =
0.002) and northwest aspects 11% more (Z =
–2.4, P = 0.008) in summer than in spring.
Within use locations categorized as rock
cover type, the percent of talus, cliff, or outcrop averaged 39% (Table 1). Shrub cover types
used by Chukars were composed of an average of 34% shrub, 19% grasses, and 26% forbs
in the grass/forb cover type.
Shrubs most frequently recorded in highest
abundance at Chukar locations were cudweed
sagewort (Artemisia ludoviciana; 13% of all
locations), syringa (Philadelphus lewisii; 7%),
rose (Rosa spp.; 5%), common snowberry (4%),
and currant (Ribes spp.; 3%). Grass species
most frequently recorded with highest ground
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coverages at use sites were Bromus spp. (54%),
bluebunch wheatgrass (25%), bluegrass (Poa
spp.; 15%), medusahead (Taeniatherum asperum; 3%), and Festuca spp. (2%). Common forb
species were yellow starthistle (31%), arrowleaf balsamroot (Balsamorhiza sagittata; 18%),
western yarrow (Achillea millefolium; 16%), biscuit-root (Lomatium spp.; 13%), and tonella
(Tonella floribunda; 10%).
All 3- and 4-way interactions of log-linear
modeling among cover type year, season, and
gender were insignificant, resulting in a final
model of main effects and 2-way interactions.
Interaction of season and cover was significant
(P = 0.006), but there were no interactions between the dependent variables year and cover
(P = 0.176) or gender and cover (P = 0.097).
Observations of habitat use by marked and
unmarked birds during spring 1995 and 1996
were homogeneous (χ2 = 8.648, df = 6, P =
0.194), as were observations during summer
1995 and 1996 (χ2 = 8.226, df = 6, P = 0.222).
Therefore, the data were pooled. Habitat use
data collected during the spring and summer
were not homogeneous (χ2 = 18.619, df = 2,
P < 0.001), consistent with results of the previous log-linear models.
Because homogeneity tests and log-linear
models suggested data may be pooled between
marked and unmarked birds, years, and gender but not between seasons, habitat use and
selection were compared between seasons
with all the data pooled. Rock cover types
were used more (P = 0.009) and shrub cover
types were used less (P < 0.001) in spring
than in summer, but use of grass/forb (P =
0.113) and agriculture did not differ between
seasons (Table 2; agriculture qualitatively examined).
Degree of seasonal habitat use was examined by ranking proportional use of each cover
type (Table 2). During spring grass/forb was
the most used cover type, followed by rock,
shrub, and agriculture. During summer shrub
was the most used cover type, followed by
grass/forb, rock, and agriculture.
Observed use of cover type differed from
expected use, based on availability, for both
spring (χ2 = 172.23, df = 3, P < 0.001) and
summer (χ2 = 329.33, df = 3, P < 0.001).
Chukars used rock and shrub more than expected and grass/forb less than expected during
both spring and summer (Table 3; P < 0.05 for
all significant pairwise comparisons). Use of
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TABLE 1. Descriptions of cover types used by Chukars in west central Idaho in 1995 and 1996.
Cover type
_____________________________________________________________________________________
Rock
Shrub
Grass/forb
Agriculture
(na = 100)
(na = 91)
(na = 123)
(na = 7)
___________________
__________________
__________________
___________________
–
–
–
–
x
sx–
Range
x
sx–
Range
x
sx–
Range
x
sx–
Range
% rock
% shrub
% grass
% forb
% agriculture

39
4
13
20
0

1.9
0.5
0.9
1.4
0

18–100
0–15
0–50
0–65
0

20
34
9
13
0

2
1.4
0.7
0.9
0

0–80
15–75
0–40
0–45
0

9
3
19
26
0

0.8
0.5
1.3
1.3
0

0–40
0–16
1–65
0–60
0

0
0
4
2
93

0
0
3.8
1.5
7.2

0
0
0–25
0–10
50–100

aNumber of Chukar locations

TABLE 2. Analyses of habitat use by Chukars during spring and summer in the lower Salmon River canyon of west central
Idaho, 1995 and 1996.

Cover type
Rock
Shrub
Grass/forb
Agriculture

Spring
______________________
Proportional use
Rank
(na = 179)
of use
0.374
0.173
0.419
0.034

2
3
1
4

Summer
______________________
Proportional use
Rank
(na = 158)
of use
0.253
0.386
0.354
0.006

3
1
2
4

Test
statisticb

P value

Resultsc

2.384
4.381
1.214
N/Ad

0.009
<0.001
0.113
N/Ad

used less*
used more*
no difference
N/Ad

*Significant at P < 0.05
aNumber of Chukar locations
bBinomial proportions Z-test
cDifferences of habitat use for summer compared with spring
dUse of agriculture between seasons could not be tested because of small sample sizes

TABLE 3. Confidence intervals (CI)a for spring and summer habitat selection of Chukars in the lower Salmon River Canyon
of west central Idaho in 1995 and 1996.

Cover
Rock
Shrub
Grass/forb
Agriculture

Expected
use
0.113
0.063
0.775
0.049

Spring
____________________________________
Observed
use
95% CI
Results
0.374
0.173
0.419
0.034

(0.283, 0.467)
(0.107, 0.253)
(0.325, 0.513)
(0.008, 0.081)

moreb
moreb
lessc
no differenced

Summer
_______________________________
Observed
use
95% CI
Results
0.253
0.386
0.354
0.006

(0.169, 0.347)
(0.288, 0.486)
(0.259, 0.453)
(0.010, 0.042)

moreb
moreb
lessc
lessc

aBailey (1980)
bObserved proportional use significantly greater than (P < 0.05)
cObserved proportional use significantly less than (P < 0.05)
dObserved proportional use significantly not different (P ≥ 0.05) from expected proportional use

agriculture was equal to that expected during
spring and less than expected (P < 0.05) during summer.
Log-linear modeling of yellow starthistle
data revealed no 3-way interaction among use
of starthistle ground cover, years, and sexes (P
= 0.120). Use of starthistle differed between
years (P = 0.002); thus, data were not pooled
between years. In 1995, Chukars were located
in areas of low starthistle ground cover (43%)

and in areas of higher starthistle ground cover
(57%), whereas in 1996 they were located more
frequently (74% of locations) in low yellow starthistle ground cover. Data from 1996 were used
because of larger sample size (n = 125 for 1996,
n = 34 for 1995). Use of starthistle did not differ between sexes (P = 0.264); therefore, male
and female data were pooled. Because use of
yellow starthistle by males, females, and unmarked birds was homogeneous (χ2 = 1.025,
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df = 2, P = 0.599), we also pooled data from
marked and unmarked birds.
Chukars did not use yellow starthistle in
proportion to availability (χ2 = 57.3, df = 1, P
< 0.001). Observed proportional use of habitats with ≤5% ground cover of yellow starthistle [Baileys CI = (0.643, 0.825)] was greater (P
< 0.05) than expected proportional use (0.411).
Conversely, observed proportional use of habitats with >5% ground cover of starthistle (0.171,
0.352) was less (P < 0.05) than expected proportional use (0.589).
DISCUSSION
Chukars in the lower Salmon River canyon
showed differential use of habitats between
seasons possibly as a result of diet selection,
thermal cover, water availability, and anti-predator behavior. Alkon et al. (1985) suggested
that Chukar diets are largely determined by
forage availability, which is closely linked to
meteorological and phenological events. Other
studies have also demonstrated seasonal variation in Chukar food habits (Moreland 1950,
Christensen 1952, Galbreath and Moreland
1953, Sandfort 1954). Galbreath and Moreland
(1953) recorded increased percentages of fruits
and animal matter in summer/fall over winter/
spring diets. Use of shrub habitats in our study
by Chukars increased 20% from spring to
summer. Increased fruit consumption during
summer months may have contributed to the
increased proportional use of shrubs (most of
which provide fruits throughout the summer)
by Chukars in the lower Salmon River canyon.
Changing requirements for thermal cover
may also contribute to Chukar differential use
of seasonal habitats. Galbreath and Moreland
(1953) noted that Chukars tolerate temperatures
up to 48°C without great distress. Although
summer temperatures rarely exceed 48°C in
our study region, the cooler temperatures found
in shrub habitats may be desirable, similar to
that reported for Northern Bobwhites (Colinus
virginianus) in Texas (Forrester et al. 1998). As
proportional use of shrub cover by Chukars
increased in summer, proportional use of rock
habitats decreased. Undoubtedly, talus slopes
and rock outcrops were hotter during summer
months, while shrub habitats were cooler. In
addition, Chukars used southern exposed slopes
less in summer than in spring, thus providing
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further evidence that Chukars were avoiding
higher temperatures.
Water is believed to limit Chukar distribution and habitat use during summer (Galbreath and Moreland 1953, Harper et al. 1958,
Christensen 1970). Degen et al. (1984) suggested that Chukars do not require drinking
water from early winter to late spring, when
succulent green forage is available, but free
water is required during summer and autumn.
Increases in proportional use of shrubs we observed from spring to summer, many of which
were in riparian zones, may have been a result
of water availability. Furthermore, Chukars used
slopes of southeast aspect less and northwest
aspect more in summer than in spring, perhaps
in search of more succulent forage with higher
moisture content.
Differential habitat use patterns could also
confer advantages to Chukars by decreasing
predation. In a related study (Lindbloom 1998),
41% of Chukars were preyed upon from midspring to late summer; 59% of these mortalities were avian caused. Local nesting raptor
populations experience increased food requirements during these months, and the potential
increase in predation rates from raptors may
be offset by greater hiding cover found in shrub
habitats.
High use and selection of shrub habitats
during summer, in addition to the probable
advantages of increased food resources, thermal
cover, water, and hiding cover, suggest that
this habitat is important to Chukars in canyon
grasslands. Van Horne (1983), however, demonstrated that density of animals and habitat
quality are not always positively correlated and
suggested that habitat quality should be defined
in terms of survival and production characteristics, as well as density, of the species occupying the habitat. Determination of habitat selection in the lower Salmon River canyon was an
important 1st step in increasing our knowledge
of Chukar ecology, but we recommend further
research on survival and reproduction specific
to cover types used by Chukars.
Although grass/forb cover types were used
less than expected based on availability, these
habitats were not lightly used. Grass/forb cover
types ranked 1st and 2nd in use in spring and
summer, respectively. Because 78% of the study
area consisted of grass/forbs, it is unlikely that
any moderate amount of use would be more
than or equal to expected when compared with
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availability. The environments within grass/
forb habitats apparently provide necessary
elements such as food and cover for Chukars.
The use of and impact to agricultural crops
by Chukars during certain times of the year
has been previously reported. Wheat, rye, and
barley were reported eaten by Chukars in
Washington, and potato crop damage was witnessed during dry summers when weather
forced Chukars out of natural range into cultivated lands for water (Galbreath and Moreland 1953). Tomlinson (1960) reported that
alfalfa, wheat, and barley are eaten by Chukars.
Christensen (1970) and Harper et al. (1958),
however, reported that depredation was light
and of no economic significance. Results of
our study are in agreement with Christensen
(1970) and Harper et al. (1958); Chukars
selected against agriculture habitats during
summer months.
Chukars used areas heavily infested with
yellow starthistle less than expected, selecting
instead areas with low ground cover of starthistle. This suggests potential negative impacts
of this noxious weed on Chukar habitat use.
Annual helicopter surveys of Chukars in Idaho
from 1993 through 1999 also found limited
occurrence of Chukars in or near yellow starthistle–dominated habitats and a tendency for
birds to occur more often in areas with less
starthistle (C. Johnson, Bureau of Land Management, personal communication). Areas heavily infested by starthistle were most likely
avoided due to the long, sharp spikes surrounding flower heads that often produce a
nearly impassable field of thorns, and the near
absence of other vegetation under a dense starthistle canopy.
MANAGEMENT IMPLICATIONS
Invasion of cheatgrass alone may not constitute suitable habitat for Chukars. Managers
of canyon grasslands should encourage land
practices that allow for retention of shrub communities. Horton (1972) suggested that the
invasion of exotic annuals and early maturing
vegetation, which create fuel conditions amenable to rapid and frequent wildfire, will adversely impact native vegetation of the lower
Salmon River. Whether these events will reduce the health and distribution of shrubs in
canyon grassland habitats needs to be closely
monitored and will likely vary with intensity,
season, and frequency of fire.
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As yellow starthistle continues to expand,
the availability of suitable Chukar habitat will
decline. Reduction of starthistle may be necessary to increase Chukar populations to preinfestation levels. Use of herbicides does not
appear feasible, given the vastness of Chukar
habitat and associated economic and ecological costs of chemical application. Biological
control, such as introduction of native insects
from the Mediterranean, is still in experimental stages (R. Callihan, University of Idaho, personal communication) but may be the only
method possible of reducing starthistle densities. Efforts and experiments to approve the
safe import of Mediterranean insects capable
of controlling yellow starthistle should be continued. In addition, halting the spread of starthistle into uninvaded Chukar ranges should
be addressed seriously.
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FLEAS (SIPHONAPTERA) IN NESTS OF VOLES (MICROTUS SPP.)
IN MONTANE HABITATS OF THREE REGIONS OF UTAH
Glenn E. Haas1 and James R. Kucera2
ABSTRACT.—As a parallel study of a survey of fleas of trapped small mammals in montane southern Utah, we removed
77 adult fleas from 12 of 13 nests of voles (Microtus longicaudus, M. montanus and M. richardsoni) collected from montane meadows in the Abajo and La Sal Mountains, the Markagunt Plateau and Pine Valley Mountains, and the Uinta
Mountains, May 1991–July 2002. Six species and subspecies of fleas parasitic on Microtus spp. were found, 1–3 species
in each nest. Three specimens of the ubiquitous deer mouse (Peromyscus spp.) flea Aetheca wagneri (Baker) were also
found. We collected the following 7 taxa from the locations indicated: Catallagia decipiens Rothschild in 5 nests: Abajo
and Pine Valley Mountains and Markagunt Plateau; Hystrichopsylla dippiei truncata Holland in 2 nests: La Sal and
Uinta Mountains; H. occidentalis sylvaticus Campos & Stark in 5 nests: Pine Valley Mountains; Peromyscopsylla selenis
(Rothschild) in 1 nest: Markagunt Plateau; A. wagneri in 2 nests: Abajo and Pine Valley Mountains; Megabothris abantis
(Rothschild) in 5 nests: Abajo and Uinta Mountains and Markagunt Plateau; Malaraeus telchinus (Rothschild) in 2 nests:
Abajo and Pine Valley Mountains. One preserved larva was identified as Hystrichopsylla prob. occidentalis sylvaticus,
and 2 dead larvae, the only specimens found in nest 13, were identified as probably the same. Kane County is a new
record for C. decipiens and P. selenis; Kane and Summit Counties are new for M. abantis. Nest surveys can generally
supplement rather than replace trapped-host surveys. Their main value is in population studies. They are also a source
of larvae for morphology and taxonomy research.
Key words: Siphonaptera, fleas, Microtus, voles, nests, Utah.

Eleven species of fleas are known parasites
of voles (mostly Microtus spp. and Clethrionomys gapperi), at various degrees of host specificity, in Utah. Almost all of the records are
from trapped hosts. The earliest collections
from nests of Microtus appear to be those
made over 50 years ago of Catallagia decipiens
Rothschild and Megabothris asio (Baker) in
Laketown, Rich County, by L. Beck and D
Elden Beck et al. Three publications resulted
from these collections: Hopkins and Rothschild (1962) recorded the 1st species, and the
2nd was recorded by Beck (1965) and Kucera
(1995). In addition, specimens of Malaraeus
telchinus (Rothschild) collected by D Elden
Beck et al. (unpublished) from some of these
same nests are in the Brigham Young University flea collection. We present the data for
them in the M. telchinus species account.
Medical entomologist and zoologist D Elden
Beck, the pioneer in studies of fleas collected
from nests in Utah, was a faculty member of
the Department of Zoology and Entomology,
Brigham Young University, Provo, Utah (d. 9
August 1967), and principal investigator of Pro-

ject X, “Parasitic Arthropods and Arthropod
Consorts [in Utah], 1949–1953” (Beck 1955,
Tanner 1967, Beck and Allred 1968). Six vole
nests were collected, 3 each in 1952 and 1953,
as directed by Beck. Because of the lack of
space for full collection data for each nest, Beck
(1955) pooled data by counties from 277 mammal nests and about 5500 individual host animals for a tabulation of 20 fleas that are capable vectors of plague and 11 that are potential
vectors. The other 51 species and subspecies
of fleas collected were thereby omitted except
for several recorded elsewhere, such as the exceptional find reported later by Beck (1965) of
52 specimens of Megabothris asio, a new species
for Utah, in a single Microtus montanus nest at
Laketown.
The present survey resulted in new data
from the southwestern Pine Valley Mountains
and the Markagunt Plateau, the southeastern
Abajo and La Sal Mountains, and the northern
Uinta Mountains. From 12 of the 13 nests listed
below were 5 additional records of Catallagia
decipiens, 2 of M. telchinus, and the 1st records
of 4 other fleas of microtines, plus Aetheca

1557 California Ave., PMB 7, Boulder City, NV 89005-2796.
2Associated Regional & University Pathologists, Inc., Salt Lake City, UT 84108.
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wagneri (Baker), the ubiquitous flea of deer
mice (Peromyscus maniculatus). The 4 species
not yet definitely found in microtine nests are
the common wintertime nest-fleas Epitedia
wenmanni (Rothschild) and E. stanfordi Traub
(Beck 1955, Stark 1959, Hopkins and Rothschild
1962), the rare nest-flea Delotelis telegoni
(Rothschild) (Kucera 1995), and the uncommonly collected non-nest-flea Peromyscopsylla
hamifer vigens ( Jordan) ( Johnson and Traub
1954, Stark 1959, Hopkins and Rothschild 1971).
This nest survey originated as a parallel of
our survey of fleas from trapped hosts (Kucera
and Haas 1992). Progress was slowed by degradation of Microtus habitat by livestock
overgrazing intensified by prolonged drought.
In his monograph of mammals of Arizona,
Hoffmeister (1986) described the many historic changes detrimental to wild mammals of
the state. He targeted degradation of grassland
and riparian habitats by overgrazing as causes
of the elimination of some species. In their
monograph of the mammals of Wyoming, Clark
and Stromberg (1987) commented on the harmful effects of overgrazing on 3 species of lagomorphs and 9 species of rodents including M.
longicaudus and M. richardsoni.
The new data from this study on nest populations, rearing, and larvae are examples of contributions that fleas from trapped hosts cannot
directly provide. Nest surveys, however, are
likely to remain supplementary to trapping for
the delineation of distribution patterns.
MATERIALS AND METHODS
We searched for nests of Microtus spp. under
and beside logs and stumps in and along the
edges of grassy montane meadows. Nests were
removed from their individual sites as intact as
possible and sealed inside individual plastic
bags. A series of small amounts of nest materials were transferred from a bagged nest to a
light-colored dishpan to expose the fleas. Live
adult fleas and a larva were captured with a
lightweight forceps and conveyed to vials of
70% ethanol. A small camel’s hair brush was
used to gently lift out and drop the dead larval
and adult fleas into dry vials. Fieldwork was
conducted intermittently from May 1991 to
July 2002, with 1–3 productive nests collected
in each month, May–November.
Nests with flea larvae present were rebagged
after the initial examination and held at room
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temperature for as long as teneral adult fleas
appeared at subsequent inspections. These nests
were double bagged with moist paper towels
in the sealed outer bag and the nest in the
inner open bag.
Adult flea specimens were processed in 10%
aqueous KOH, rinsed in distilled water, dehydrated in graded ethanols, degreased in oil of
wintergreen, rinsed in xylene, and mounted in
balsam on slides for microscopic study. Adult
voucher specimens of vole fleas were deposited
in the Brigham Young University flea collection,
Provo, Utah (BYU). The preserved larvae are
in the collection of Kucera.
RESULTS
The following 6 taxa of fleas parasitic on
Microtus spp. in Utah were represented among
the 74 adult fleas found, 1–3 species in each of
12 of the 13 nests collected. Nest A1 was
probably of M. montanus (montane vole). Nests
U1 and U2 were probably of M. richardsoni
(water vole). The other 10 nests were probably
of M. longicaudus (long-tailed vole). Three
specimens of the ubiquitous Peromyscus spp.
(deer mouse and allies) flea Aetheca wagneri
(Baker) were also found in 2 nests. Nests PV1
and PV5 had 1–2 or 3 larvae, and only the 1 in
PV1 could be identified as the 3rd taxon listed
below. Attempts to rear the other larvae were
unsuccessful. However, 17 adult fleas were
reared from 2 other nests, with species 1 from
A2 and species 7 from A2 and PV3 as listed.
Two dead larvae were found in the 13th nest
(PV6). No fleas were found in 6 other nests:
Duck Creek 1, Milos Kitchen 1, Oak Grove
Spring 1, Pine Valley Reservoir 3. The topographic abbreviations A, LS, M, PV, and U are
spelled out in full in the annotated list of collections in the Appendix.
CTENOPHTHALMIDAE
1. Catallagia decipiens Rothschild in 5 nests:
A1: 1, 4; A2: 3 (2 reared), 7 (2
reared); M2: 1; PV1: 2; PV5: 1.
HYSTRICHOPSYLLIDAE
2. Hystrichopsylla dippiei truncata Holland
in 2 nests: LS1: 1; U2: 2.
3. Hystrichopsylla occidentalis sylvaticus
Campos and Stark in 5 nests: PV1: 1, 4
+ 1 larva; PV2: 1; PV4: 1; PV5: 1, 2;
PV6: 2 dead larvae.
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LEPTOPSYLLIDAE

4. Peromyscopsylla selenis (Rothschild) in 1
nest: M1: 1.
CERATOPHYLLIDAE
5. Aetheca wagneri (Baker) in 2 nests: A2:
2; PV1: 1.
6. Megabothris abantis (Rothschild) in 5
nests: A1: 1, 1; A2: 3; M2: 1 (dead);
U1: 4, 4; U2: 2.
7. Malaraeus telchinus (Rothschild) in 2 nests:
A2: 2 (reared), 4 (3 reared); PV3: 7
(5 reared), 12 (3 reared).
DISCUSSION
Catallagia decipiens
(Rothschild)
Catallagia is a Holarctic genus of nest-fleas
(Traub 1972), and C. decipiens has the widest
distribution in western North America north
of Mexico (Lewis and Haas 2001). For Utah,
Stark (1959) and Hopkins and Rothschild (1962)
listed records from a wide variety of small
mammals including species of Microtus and
Peromyscus. The earliest record from a Microtus nest in Utah appears to be the collection of
5 specimens from a nest of M. montanus in
Rich County in 1952 by Beck and Beck as cataloged by Hopkins and Rothschild (1962).
Egoscue (1976) concluded from comparative
snap-trapping of M. longicaudus and P. maniculatus in western Utah that the former is perhaps a secondary host of C. decipiens. We tentatively rank it and M. montanus as secondary
hosts in Utah. Elsewhere, however, the Microtus spp. and P. maniculatus may rank more
nearly equal as hosts of C. decipiens. For example, in a survey using live-traps in north central
New Mexico, Haas et al. (1973) determined that
11.4% of 132 M. longicaudus, 9.4% of 371 M.
montanus, and 7.7% of 606 P. maniculatus were
infested. Catallagia decipiens differs from the
other 6 species in the Utah Microtus nest survey in being the only true nest-flea. It was also
one of only 2 species that was successfully
reared, with 4 additional adult specimens credited to M. longicaudus nest A2. The total number of adult specimens of C. decipiens, i.e., 19
(4 reared), was 2nd only to the 25 (13 reared)
specimens of M. telchinus. The C. decipiens
specimen in M. longicaudus nest M2 along
Duck Creek on the Markagunt Plateau added
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Kane as the 18th county to the checklist of
Beck (1955).
Hystrichopsylla dippiei truncata
Holland and Hystrichopsylla
occidentalis sylvaticus
Campos & Stark
Both species are large, spiny, and bristly fleas
that may be common in nests at certain times
of the year, although they are not classified as
true nest-fleas (Traub 1972, see also Stark 1959,
2002). These species are represented in western North America by 3 or more subspecies
that parasitize a wide variety of small mammals. With H. o. sylvaticus, however, species
of Peromyscus and Microtus are the most frequently infested hosts (Lewis and Lewis 1994).
There are few records of H. d. truncata and H.
o. sylvaticus in northern Arizona (Hopkins and
Rothschild 1962, Campos and Stark 1979), but
in Utah considerably more locality records are
known (Holland 1957, Campos and Stark 1979).
The 2 species are sympatric on the Kaibab Plateau, Arizona (Haas and Kucera unpublished
data), and may be sympatric in southeastern
Utah. Campos and Stark (1979) reported H. o.
sylvaticus from San Juan County (without locality), and we collected H. d. truncata from the
La Sal Mountains (nest LS1) and the Abajos
(Kucera and Haas 1992). Egoscue (1976) found
both species on P. maniculatus and M. longicaudus taken on the same trap lines in western
Utah.
Peromyscopsylla selenis
(Rothschild)
This is a fur-flea well equipped with structures for a secure life in the pelage of the host
(Traub 1972). Peromyscopsylla spp. spend so
little time free-living in nests that live specimens are seldom collected from them. For
example, in Oregon, P. selenis was only 0.9%
of the total flea population in nests of M. canicaudus (gray-tailed vole; Robbins 1983). For
another example, in Alaska, where the absence
of grazing by livestock allows Microtus spp. to
attain much higher densities than in Utah, 2420
fleas (618 reared) were obtained from 160 fleainfested nests, and only 29 specimens (1.2%;
12 reared) of P. ostsibirica (Scalon) were taken
from 5 (3.1%) of the nests (Haas 1982).
Peromyscopsylla hamifer vigens (Jordan) also
parasitizes Microtus spp. in Utah, but P. selenis is much better known from a mixture of
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records from microtines and Peromyscus spp.
in 11 counties widely distributed between the
Arizona and Idaho borders: Box Elder, Cache,
Iron, Kane (new), Millard, Salt Lake, San Juan,
Sanpete, Tooele, Utah, and Washington (1
Traub 1944, 1 Hubbard 1947, 5 Johnson and
Traub 1954, 7 Stark 1959, 1 Egoscue 1966,
1976, 2 Hopkins and Rothschild 1971, 1 Jellison and Senger 1976, 2 Kucera and Haas
1992, 1 present study). In contrast, P. hamifer
vigens is poorly known with only 4 original
records from Microtus spp., M. montanus and
M. longicaudus, in Cache, Salt Lake, and Tooele
Counties (Johnson and Traub 1954, Stark 1959,
Hopkins and Rothschild 1971, Egoscue 1976).
Aetheca wagneri (Baker)
This ubiquitous flea (formerly Monopsyllus
wagneri) of the ubiquitous P. maniculatus and
congeners is distributed across much of North
America between the West Coast and Great
Lakes (Johnson 1961; Haddow et al. 1983: map
2; Holland 1985: map 72). Beck (1955) tabulated its presence in all counties of Utah. In a
comparative study of flea exchange between P.
maniculatus and associated rodents in western
Utah, Egoscue (1976) identified key factors that
ensure frequent reports of A. wagneri found
on secondary and accidental hosts in most
western surveys of small mammal fleas. He
noted that P. maniculatus was found in every
habitat and readily used runways, burrows,
and vacant nests of other mammals. Thus, high
populations of P. maniculatus and A. wagneri
frequently resulted in transfer of this flea to
other hosts.
Megabothris abantis
(Rothschild)
This flea of western North America occurs
from near sea level along the West Coast inland
and upward into the western cordillera over
an extensive territory stretching in length from
southwestern Alaska to northern New Mexico
and in width from Oregon and northern California to western Montana and central Colorado (Haas 1982; Haddow et al. 1983: map 76;
Holland 1985: map 76; Lewis et al. 1988:195;
Haas et al. 1989: fig. 5). Megabothris abantis
ranges farther south than other members of
this Holarctic genus in North America (Haddow
et al. 1983: maps 76–79, 82). The southernmost record is in southern California (Augustson
1955). In Utah most counties with Microtus
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spp. have records for M. abantis. The revised
list of 18 includes 2 new counties from our
survey: Beaver, Box Elder, Cache, Daggett,
Duchesne, Grand, Iron, Kane (new), Rich, Salt
Lake, San Juan, Sevier, Summit (new), Tooele,
Uintah, Utah, Wasatch, and Wayne (12 Beck
1955, 7 Stark 1959, 3 Egoscue 1966, 1976, 1977,
1988, 2 Kucera and Haas 1992, 2 present study).
Among the wide variety of mammalian
species recorded as hosts of M. abantis, Microtus spp. and some other western rodents that
build their summer nests where the soil is cool
and moist are predominant. Haddow et al.
(1983:111) specified the main hosts as “microtine voles, particularly Microtus and Clethrionomys.” Their collection records came from a
variety of rodents including M. longicaudus,
M. montanus, and M. richardsoni. The first 2
species are known from many more localities
across Utah than the 3rd (Durrant 1952: figs.
60–62; Schafer 1991). Stark (1959) included
M. montanus in a diverse list of hosts in Utah.
It was also recorded by Allred (1952) and Beck
(1955), while M. longicaudus was reported by
Tipton (1950), Allred (1952), Beck (1955), Egoscue (1976, 1977), and Kucera and Haas (1992).
Egoscue (1966) reported M. richardsoni. Ten of
our nests were probably of M. longicaudus. Nest
A1 was most likely of M. montanus, and nests
U1 and U2 were probably of M. richardsoni.
Megabothris abantis was present in these last
3 nests but only in 2 of the other 10 (A2, M2).
The Utah record in Haddow et al. (1983) of
a single female of Megabothris quirini (Rothschild), a flea of Microtus spp. in northern
North America, needs confirmation by collecting a male specimen, as some females of M.
abantis resemble those of M. quirini. The specimen reported by Haddow et al. (1983) is in
the British Museum (Natural History), London,
bearing the following (somewhat unclear) slide
data: “quirini Roths. 1905, Mammoth Ranger
Station, Manti Nat Forest, Utah, 31 May 1927,
.” The opposite label reads: “from Eutamias,
A.W. Moore, Brit. Mus. 1923–615” [Moore was
probably the collector; it is unclear if he also
identified the specimen].
Malaraeus telchinus
(Rothschild)
Malaraeus is a western North American
genus of 3 species, with M. telchinus the one
best adapted to cool, humid microclimates.
Consequently, it ranges farther north, into
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Canada, and to higher elevations in western
states where it parasitizes not only Peromyscus
spp. but Microtus spp., Clethrionomys spp., and
other small mammals as well (Hubbard 1947;
Haddow et al. 1983: maps 73 and 74; Holland 1985: map 84; Lewis et al. 1988). Haddow
et al. (1983: map 74) indicated locality records
for all states surrounding Utah except Colorado and Wyoming; however, M. telchinus
does range eastward into Colorado (Ecke and
Johnson 1952, Eads and Campos 1983, Ayala
et al. 1988) and Wyoming (Kucera unpublished
data).
There are many Utah records from a variety of localities and hosts (Hubbard 1947, Stark
1959, Parker and Howell 1959, Egoscue 1966,
1976, Haddow et al. 1983: map 74). Beck (1955)
tabulated records for more than half of the
counties (16) including San Juan and Washington, the counties with our records (nests A2,
PV3).
The unpublished Project X field records of
D E. Beck and voucher specimens in the
Brigham Young University flea collection document the earliest collections of this species
from nests of voles in Utah: field #2683, Rich
Co., Laketown, under fallen trees in marsh
near Bear L., ex 3 nests of M. montanus, 22
August 1952, D E. Beck and L. Beck, 8,
15; field #3555, same locality, ex 3 nests of
Microtus, 26 June 1953, Beck et al., 8,
3.
CONCLUSION
Microtus nest surveys will generally not be
as productive per unit of effort as the trapping
of hosts for faunal distribution data. Nests,
however, being nurseries of fleas are sources
of larvae and pupae for laboratory studies in
taxonomy and morphology. Bagged nests held
in the laboratory sometimes result in the rearing of adults after the original adult inhabitants
are removed. One flea-infested nest can provide more complete population data than several trapped hosts can; e.g., adult fleas represent the present generation, subadult stages
are the next generation, and dead adults are
the previous generation(s).
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APPENDIX

ANNOTATED LIST OF COLLECTIONS
A1 San Juan Co., Abajo Mtns., 15.3 km WNW of Monticello at Foy L., 2549 m, 6 Sep 1991, small grass nest
under log in extensive grassy meadow below dam.
A2 Same data as A1 but spherical grass nest under cut
stump at edge of grove of Gambel oaks (Quercus gambelii)
and quaking aspens (Populus tremuloides) along FR 100.
LS1 Grand Co., La Sal Mtns., 26.8 km ESE of Moab in
Oowah L. CG, 2682 m, 14 Jun 1991, small grass nest
under old sheet of plywood.
M1 Kane Co., Markagunt Plat., 1 km E of Duck L.
between Duck Cr. and UT Hwy 14, 2636 m, 19 Jul 2002,
abandoned grass nest with moist bottom under old aspen
log in low-lying grassy meadow with nearby blue spruce
trees (Picea pungens).
M2 Same Co. and Plat., 23 m E of Duck L. along N
bank of Duck Cr., 2644 m, 20 Jul 2002, large nest of dry,
fine grass, shredded string, and cloth, under aspen log in
low-lying, densely grassy meadow with several small aspens,
white firs (Abies concolor), and blue spruces.
PV1 Washington Co., Pine Valley Mtns., 12.2 km NW of
Leeds, Oak Grove CG, 2010 m, 10 May 1991, spherical
grass nest in ditch in small grassy meadow at Oak Grove
Spring in forest of Gambel oaks and ponderosa pines
(Pinus ponderosa).
PV2 Same Co. and Mtns., 5.6 km ESE of Pine Valley
(town), in canyon of Left Fork Santa Clara R., Juniper Park
CG, 2120 m, 8 Nov 1991, spherical grass nest in saucershaped depression in ground under cottonwood (Populus
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sp.) log in low, moist patch of horsetails (Equisetum sp.),
sedges, and ferns near creek.
PV3 Same Co. and Mtns., 3.6 km ESE of Pine Valley, below Pine Valley Reservoir dam, 2047 m, 10 Nov 1991, spherical grass nest in saucer-shaped depression in ground at
base of willow (Salix sp.) clump in extensive low, moist
grassy flat with several willow clumps.
PV4 Same Co., Mtns. and locality, but along S bank of
Santa Clara R., 2042 m, 13 Oct 2000, old moist, collapsed
grass nest beside willow log in thick, ungrazed grassy
meadow with high water table, scattered clumps of willows,
alders (Alnus sp.), and in dry places a few blue spruces,
ponderosa pines, Gambel oaks, and junipers ( Juniperus
sp.).
PV5 Close to PV4, 13 Oct 2000, perfect fist-size, spherical grass nest with opening on one side, moist bottom,
coarse outer and fine inner grass, 2–3 unidentified larvae
present but nest apparently recently abandoned, in groundlevel cavity of dead, rotten willow stump.
PV6 Same Co. and Mtns., but 6.2 km ESE of Pine Valley along S bank of Middle Fork Santa Clara R., 2195 m,
16 Jul 2002, nest of dry, fine grass on ground under aspen
log in grassy meadow with aspens, white firs and ponderosa pines.
U1 Summit Co., Uinta Mtns., 31.9 km ENE of Kamas,
nr base S slope Bald Mtn., 3193 m, 21 Aug 1996, nest of
grass, shredded waste paper, and plastic bag with moist
bottom, under slab of rotted Engelmann spruce (Picea
engelmannii) log in seep area.
U2 Close to U1, 3192 m, 21 Aug 1996, a 25-cm spherical nest of grass on surface in sedge (undet. Cyperaceae)
bed beside rivulet in seep area, with feeding sign nearby.
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REPRODUCTION AND SEASONAL ACTIVITY OF SILVER-HAIRED BATS
(LASIONYCTERIS NOCTIVAGANS) IN WESTERN NEBRASKA
Keith Geluso1, Jeffrey J. Huebschman2, Jeremy A. White3, and Michael A. Bogan1
ABSTRACT.—Silver-haired bats (Lasionycteris noctivagans) were thought only to migrate through Nebraska; however,
recent surveys in eastern Nebraska report summer records of females and their young. Our study in western Nebraska
also shows that silver-haired bats are summer residents. We discovered the 1st reproductively active L. noctivagans in
this part of the state. We caught lactating females and volant young in riparian forests along the North Platte River and
in forested areas of the Pine Ridge. Previously, adult males were not known from Nebraska in summer, and only 4
records of L. noctivagans were known from western Nebraska during migration. On 28 July we captured an adult male
in a coniferous forest of the Wildcat Hills, and we have more than 100 records of migrating individuals. Lastly, an obese
L. noctivagans captured on 4 November may represent an individual preparing to hibernate in the state.
Key words: Lasionycteris noctivagans, silver-haired bat, Nebraska, reproduction, seasonal activity, migration, hibernation, Great Plains.

The silver-haired bat (Lasionycteris noctivagans) occurs throughout the southern provinces of Canada and most of the United States
(Hall 1981). Based on noticeable changes in
seasonal abundance throughout its range, L.
noctivagans has been considered migratory
(Kunz 1999). Winter distributional records are
concentrated in southern and eastern parts of
the United States, but after spring migration
most records appear in southern Canada and
in northern and western United States (Cryan
2003). Although some L. noctivagans migrate
southward in late summer and autumn, others
hibernate at middle and northern latitudes in
the United States (Izor 1979, Hoffmeister 1989,
Sherwood and Kurta 1999, Twente and Maruniak 2002).
Czaplewski et al. (1979) and Jones (1964)
reported that in Nebraska L. noctivagans may
occur only during migration; however, both
suggested that summer residents may exist in
northern Nebraska on the Pine Ridge and
along the Niobrara River. Recent studies of
bats in eastern Nebraska report summer populations of lactating females and volant young
(Sarpy County, Geluso et al. 2004; Lancaster
County, Benedict 2004), but no documentation exists for summer populations in western
Nebraska. Thus far, only 4 silver-haired bats
from 3 localities have been reported in west-

ern Nebraska (Sioux and Morrill Counties,
Czaplewski et al. 1979; Sheridan County,
Benedict 2004). Herein, we report an additional
151 individuals from 21 new localities in western Nebraska, including information on reproduction and seasonal activity.
METHODS
Using mist nets we captured bats at several
localities in western Nebraska from 1997 to
2002. We netted as early as May and as late as
November; we did not net December–April.
Nets were placed over metal stock tanks and
ponds in the Wildcat Hills (Banner, Scotts Bluff,
and Morrill Counties); over ponds, a stream,
and a river at the North Platte National Wildlife Refuge (Scotts Bluff County); and over a
stream at Fort Robinson State Park (Sioux
County). We generally deployed mist nets before sunset and attended them continuously
for at least 3 hours after darkness; occasionally
we tended nets until dawn. For each bat captured we recorded time of capture, species, sex,
reproductive condition, and age (Anthony 1988).
All bats were released at the site of capture
except for a few individuals that were kept as
voucher specimens. These specimens were deposited in the U.S. Geological Survey, Biological Survey Collection, housed at the Museum of

1United States Geological Survey, Arid Lands Field Station, Museum of Southwestern Biology, University of New Mexico, Albuquerque, NM 87131.
2University of Nebraska State Museum and School of Natural Resource Sciences, University of Nebraska–Lincoln, Lincoln, NE 68588.
3Department of Biology, University of Nebraska, Omaha, NE 68182.
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TABLE 1. Dates of capture of Lasionycteris noctivagans in western Nebraska, based on the present study (1997, 1998,
2000, 2001, and 2002), on museum specimens not previously published (1965, 1979, 1988, and 1994), and on previously
published records (1966, 1976, and 2000). In column labeled Number of individuals, entries represent adult males, adult
females, and volant young, respectively. For localities with voucher specimens, parentheses contain the number of specimens and the museum acronym. Due to epiphyseal ossification of joints of the wing (Anthony 1988), some bats classified
as adults in August, September, and November may have been young of the year.
Date of
capture

Number of
individuals
(1a) (–)
(3b) (–)
(4b) (–)
(1a) (–)
(1a) (–)
(1c) (–)

1 May 1965
8 May 2001
9 May 2001
11 May 1994
17 May 1988
20 May 2002

(–)
(1)
(–)
(–)
(–)
(2)

22 May 2002

(–) (1d) (–)

24 May 1994
25 May 1998
30 May 2001

(–) (1a) (–)
(1) (–) (–)
(1, UNSM).
(1) (–) (–)

1 June 1994
8 June 1988

(1) (4a) (–)
(1) (–) (–)

10 June 1994
17 June 1988

(–) (1a) (–)
(1) (–) (–)

19 June 1966
24 June 1994
28 June 1994

(1) (–) (–)
(1) (–) (–)
(27) (–) (–)

30 June 1994

(1) (–) (–)

1 July 2002

(–) (1f) (1)

2 July 2002

(–) (1f) (–)

Locality
Garden Co., Crescent Lake National Wildlife Refuge (1, JMM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21.
Scotts Bluff Co., Wildcat Hills, Carter Canyon, T21N, R56W, NE1/4, Sec. 28.
Sioux Co., Soldier Creek, T32N, R53W, NE1/4 of SW1/4, Sec. 32 (1, UNSM).
Kimball Co., T16N, R56W, Sec. 26 (1, UNSM).
Scotts Bluff Co., Wildcat Hills, Carter Canyon, T21N, R56W, NE1/4, Sec. 28
(1, USGS).
Scotts Bluff Co., North Platte NWR, Stateline Island, 41°59.361′N,
104°03.169′ W (1, USGS).
Sioux Co., Gilbert-Baker Campground, T32N, R56W, Sec. 8 (1, UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1, USGS).
Sioux Co., Squaw Creek, T33N, R57W, SE1/4 of NW1/4, Sec. 15 (5, UNSM).
Sioux Co., Gilbert-Baker Wildlife Management Area, 5.25 mi N, 2.25 mi W
Harrison, 42º46.03′N, 103º55.53′W (1, UNSM).
Dawes Co., Bordeaux Creek, T32N, R48W, NW1/4 of NE1/4, Sec. 14 (1, UNSM).
Sioux Co., Soldier Creek Wildlife Management Area, 1.0 mi N, 8.0 mi W
Crawford, 42º42.13′N, 103º34.30′W (1, UNSM).
Sioux Co., Lower Sowbelly Canyon, 3.0 mi N, 2.0 mi E Harrison (1, UNSMe).
Sioux Co., Sowbelly Creek, T32N, R56W, SE1/4 of NE1/4, Sec. 24 (1, UNSM).
Sioux Co., Wood Reserve, Trout Ponds, T32N, R53W, SE1/4 of NW1/4, Sec. 31
(27, UNSM).
Dawes Co., Cliffs, Little Bordeaux Creek, 7.75 mi S, 3.5 mi E Chadron, T32N,
R48W, NE1/4 of SE1/4, Sec. 27 (1, UNSM).
Scotts Bluff Co., North Platte NWR, Stateline Island, 41°59.323′N,
104°02.954′W (2, USGS).
Scotts Bluff Co., North Platte NWR, Stateline Island, 41°59.323′N,
104°02.954′W.

Southwestern Biology, University of New Mexico (USGS), or at the University of Nebraska
State Museum, University of Nebraska–Lincoln (UNSM). In addition to our field surveys,
we examined collections at the University of
Nebraska State Museum and Joseph Moore
Museum, Richmond, Indiana (JMM), for additional specimens of L. noctivagans from Nebraska that were deposited since or overlooked by
Czaplewski et al. (1979).
RESULTS
During surveys in western Nebraska we
captured 71 L. noctivagans (Table 1). In addition, we obtained another 80 unpublished
records from this part of the state from specimens at UNSM and JMM (Table 1). Combining our records of L. noctivagans (n = 151)
with previously published ones from western

Nebraska (n = 4), we obtained the following
totals: 56 in spring–early summer (May and
June), 17 in summer ( July), 81 in midsummer–early autumn (August and September),
and 1 in autumn (November).
Summer Populations
We documented summer residents of L.
noctivagans at 4 localities in western Nebraska.
Lactating females and volant young were captured at 3 of these localities and an adult male
and volant young at the other locality (Table 1).
At North Platte National Wildlife Refuge,
we captured a lactating female and a volant
young on 1 July and another lactating female
on 2 July (Table 1). Bats were netted over a
stream (9.1 m wide) and nearby pond (21.3 m
in diameter) in a riparian forest dominated by
cottonwoods (Populus deltoides). The site is
approximately 70 m from the North Platte
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TABLE 1. Continued.
Date of
capture

Number of
individuals
(3f)

4 July 2002

(–)

(–)

5 July 2002

(–) (3f) (1)

19 July 2002
27 July 2001

(–) (2g) (3)
(–) (–) (1)

28 July 2000

(1) (–) (–)

5 August 2000
17 August 1994
28 August 1997

(1) (1) (–)
(5) (1) (–)
(1) (–) (–)

1 September 2000

(6) (5) (–)

4 September 1994

(10) (2) (–)

9 September 1994

(–) (7) (–)

18 September 1994

(6) (7) (–)

18 September 1998

(1) (–) (–)

20 September 2002

(–) (1) (–)

22 September 2001
22 September 1979
24 September 1976
29 September 2000
4 November 2001

(2) (–) (–)
(1) (–) (–)
(–) (1) (–)
(7) (16) (–)
(–) (1) (–)

Locality
Scotts Bluff Co., North Platte NWR, Stateline Island, 41°59.199′N,
104°02.224′W (1, USGS).
Scotts Bluff Co., North Platte NWR, Stateline Island, 41°59.199′N,
104°02.224′W (1, USGS).
Sioux Co., Fort Robinson State Park, Soldier Creek, 42°41.827′N, 103°34.017′W.
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1 UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1, UNSM).
Sheridan Co., Patton Creek, 17.2 mi N, 3.2 mi W Rushville (1, male RAB 4984h).
Dawes Co., West Ash Creek, T31N, R51W, SE1/4, Sec. 24 (6, UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1, USGS).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(2, USGS).
Dawes Co., Stock Pond, 1 canyon E West Ash Creek, T31N, R51W, NW1/4,
Sec. 13 (12, UNSM).
Sioux Co., Wood Reserve, Trout Ponds, T32N, R53W, SE1/4 of NW1/4, Sec. 31
(7, UNSM).
Dawes Co., Saw Log Creek, Pasture 31, T31N, R51W, SE1/4 of SW1/4, Sec. 32
(13, UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1, UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21
(1, UNSM).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21.
Morrill Co., T19N, R48W, SW1/4, Sec. 28, (1, UNSM).
Morrill Co., 8.0 mi S, 7.5 mi E Bridgeport, T18N, R49W, Sec. 15 (1, UNSMe).
Banner Co., Wildcat Hills, Dooley Canyon, T20N, R55W, NW1/4, Sec. 21.
Scotts Bluff, Co., Wildcat Hills, Carter Canyon, T21N, R56W, NE1/4, Sec. 28
(1, USGS).

aNo reproductive information reported by collector.
bStatus of pregnancy unknown because female was released.
cNo discernable embryos present.
dIndividual was pregnant.
eOriginally reported in Czaplewski et al. (1979).
fIndividual was lactating.
gOne adult female was lactating and the other was not.
hOriginally reported by Benedict (2004).

River. At another site on the refuge, we captured 6 lactating females and 1 volant young
on 4 and 5 July (Table 1). Bats were netted
over a large pond (15 m × 47 m) in the riparian
forest approximately 100 m from the river.
At Fort Robinson State Park, we captured 1
lactating female, 1 post-lactating female, and 3
volant young on 19 July (Table 1). Bats were
netted over a small pool (9.1 m × 6.1 m) along
a road where it crosses Soldier Creek. Various
deciduous trees line the creek, and nearby
buttes contain burned and unburned forests of
ponderosa pine. Grasslands dominate the area
between the buttes and Soldier Creek.
In the Wildcat Hills we captured an adult
male (28 July) and a volant young (27 July)
over ponds in Dooley Canyon (Table 1). The

grassy floor of this narrow canyon contains
widely scattered deciduous trees, a few ponderosa pine (Pinus ponderosa), and some
junipers ( Juniperus), while surrounding hilltops consist of open woodlands of ponderosa
pine and juniper.
Migratory Individuals
Of the 56 L. noctivagans obtained in spring
and early summer (May–June), 38 were adult
males and 18 were adult females (Table 1). We
captured 9 of the females and kept 2 as voucher
specimens. One contained 2 fetuses (the largest
measured 14 mm in crown-to-rump length),
and the other had no discernable embryos. No
reproductive information was provided for
the 9 females collected by others. Of 81 L.
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As winter approaches in temperate regions,
insectivorous bats must cope with a decline in
activity of night-flying insects. To compensate
for this decline in food availability, bats respond by hibernating in the area, migrating to
regions where suitable hibernacula exist, or
migrating to regions where insects are still
available. Lasionycteris noctivagans was thought
only to occur in western Nebraska during spring
and autumn migration. However, we documented summer residents in western Nebraska
as well as an individual that likely was preparing for hibernation. We also documented large
numbers of migrants in this part of the state.

females and volant young in Nebraska represent 1 of the southernmost records of L. noctivagans raising its young in North America.
Although Czaplewski et al. (1979) suspected
that an adult male L. noctivagans captured on
19 June 1966 was a summer resident in Nebraska, no clear records of males exist from
the state. Our capture of an adult male on 28
July in the Wildcat Hills provides evidence
that some males may reside in Nebraska during summer, although this male might represent an early migrant (Table 1). For this study
we were conservative with respect to dates for
potential summer residents; we considered
individuals as residents only if they were captured in July. By examining distributions of L.
noctivagans on a month-to-month basis (Cryan
2003), we conclude that L. noctivagans is relatively stationary from June to August. Thus, if
we expand dates for residency to include the
last half of June and the first half of August, an
additional 32 summer records exist for adult
males in Nebraska. Lack of summer records of
males from central and eastern Nebraska suggests that males only migrate through these
parts of the state. Summer records of male L.
noctivagans are not known from Kansas and
the eastern plains of Colorado (Armstrong 1972,
Sparks and Choate 2000), but adult males are
known from Iowa, South Dakota, and Wyoming
in summer (Turner 1974, Clark et al. 1987,
Cryan et al. 2000).

Summer Populations

Migratory Individuals

Until recently, female silver-haired bats were
thought only to migrate through Nebraska
(Czaplewski et al. 1979), but now females and
their young are known from both eastern and
western parts of the state (Geluso et al. 2004,
Benedict 2004, this study). Lactating females
are known in Nebraska from 16 June to 19
July (Geluso et al. 2004, this study). In addition, 1 of our volant young represents the earliest capture in Nebraska (1 July; Table 1).
The nearest records of lactating L. noctivagans to populations in Nebraska are in central
and southern Iowa (Easterla and Watkins 1970,
Kunz 1971, Clark et al. 1987) and the Black
Hills of South Dakota (Mattson et al. 1996,
Cryan et al. 2000). No records of lactating
females are known from Colorado or Kansas
(Armstrong 1972, Sparks et al. 1999, Sparks
and Choate 2000). Our captures of lactating

Although silver-haired bats have been documented in Nebraska during migration at
least since 1908 (Swenk 1908), only 15 apparent migrants have been reported from April–
June (adult males and nonlactating females)
and August–October (Czaplewski et al. 1979,
Manning and Geluso 1989, Benedict 2004,
Geluso et al. 2004). With this study an additional 133 individuals are known from western
parts of the state during these time periods
(Table 1). All capture dates reported herein lie
within previously reported dates of migratory
activity in Nebraska (21 April–2 October;
Geluso et al. 2004).
Dates of seasonal activity in adjacent states
are similar to those in Nebraska (Bowles 1975,
Bogan and Cryan 2000, Sparks and Choate
2000). In Nebraska and Kansas, migratory
activity peaks in May and September (Sparks

noctivagans obtained in midsummer and early
autumn (August–September), 40 were males
and 41 were females. Some may have been
young-of-year that went undetected because
of recent epiphyseal ossification (Anthony
1988).
A Potential Hibernator
On 4 November we captured an adult female
flying over a pond (5.5 m × 9.1 m) in Carter
Canyon of the Wildcat Hills (Table 1). The
canyon contained many junipers as well as
some ponderosa pine and cottonwoods. This
individual contained large deposits of subcutaneous fat.
DISCUSSION
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and Choate 2000, this study). These peaks correspond well with data presented in Cryan
(2003) for L. noctivagans.
Autumn migrants of L. noctivagans in western Kansas may move in sexually segregated
groups (Sparks and Choate 2000); however, we
saw little evidence of this type of movement in
western Nebraska. Of 6 nights with multiple
captures in September, 4 contained individuals of both sexes (Table 1).
Potential Hibernators
Although records are scarce, silver-haired
bats are known to hibernate at middle and
northern latitudes in the United States (Izor
1979, Hoffmeister 1989, Sherwood and Kurta
1999, Twente and Maruniak 2002). Two Nebraska records suggest that L. noctivagans may
hibernate in the state (26 November, Benedict
2004; 4 November, this study). However, because 1 individual was captured on the wing
(4 November) and the other did not appear to
be hibernating (Benedict in litt.), each may
represent a late migrant. The individual captured on 4 November from western Nebraska
was extremely fat and had a mass of 12.5 g.
The individual discovered on 26 November
from eastern Nebraska was removed by hand
from under a bale of hay in a barn and was held
in captivity before it died (Benedict in litt.);
therefore, we do not report its mass.
Twente and Maruniak (2002) report that an
L. noctivagans lost 1.4 g of body mass in 52
days of hibernation in a controlled environmental chamber. If the 12.5-g individual we
captured lost mass at a similar rate, it would
have a mass of 8.5 g after 150 days of hibernation (November–March). This mass (8.5 g) is
in the normal range for this species; for example, 8.5–12.5 g (Jones et al. 1983) and 8.1–11.0
g (Kunz 1982). Thus, this individual probably
possessed adequate fat reserves to hibernate
through winter in Nebraska. Thus far, L. noctivagans has not been found to hibernate in Iowa
or Kansas (Bowles 1975, Sparks and Choate
2000), but it has been documented in a torpid
condition in South Dakota (Turner and Jones
1968). Individuals captured from November to
March in Nebraska likely represent winter
residents.
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DIETS OF NESTING NORTHERN GOSHAWKS
IN THE WARNER MOUNTAINS, CALIFORNIA
Rebecca L. Promessi1, John O. Matson1,3, and Mary Flores2
ABSTRACT.—Diets of Northern Goshawks (Accipiter gentilis) in western and eastern North America show regional
differences. This variation may be explained by the opportunistic feeding behavior of Northern Goshawks and the
greater number of potential prey species in western North America. We predicted that a population of Northern
Goshawks in the Warner Mountains of California would take significantly more mammals than birds as prey. Goshawk
diet in the Warner Mountains was determined by pellet analysis and prey remains. A total of 33 samples from 23 nest
sites was collected and analyzed. Diets were quantified by determining the minimum number of individuals per sample
at each nest site. As predicted, Warner Mountain Goshawks preyed more heavily on mammalian than avian prey
species. Of the 221 individuals identified, 126 (57%) were mammals, while 95 (43%) were birds. These results are in
accord with the suggestion that there are potentially more mammalian prey species in western North America than in
eastern North America.
Key words: Northern Goshawks, Accipiter gentilis, food habits, Warner Mountains.

The Northern Goshawk (Accipiter gentilis),
largest of the accipiter hawks, has a Holarctic
distribution, inhabiting temperate and boreal
forests (Reynolds et al. 1994, Squires and Reynolds 1997). The North American subspecies,
Accipiter gentilis atricapilus, inhabits deciduous,
coniferous, and mixed montane forests across
the continent (Reynolds et al. 1994, Bosakowski
1999).
Northern Goshawks are opportunistic feeders, eating a wide variety of prey depending
on geographic location, season, and forest type
(Boal and Mannan 1994, Squires and Reynolds
1997, Bosakowski 1999). Their diet consists
primarily of birds and mammals, but they may
consume reptiles and insects on occasion
(Squires and Reynolds 1997).
The diet of Northern Goshawks appears to
vary regionally. In the New Jersey–New York
highlands, Northern Goshawks prey more heavily on avian than mammalian species (Bosakowski et al. 1992). A similar pattern was noted by
Meng (1959) for New York and Pennsylvania
and Grzybowski and Eaton (1976) for New
York. Boal and Mannan (1994) found ground
squirrels to be the most abundant prey item of
Northern Goshawks nesting on the Kaibab
Plateau of northern Arizona. Reynolds et al.
(1994) reported similar findings for the same

region. Snowshoe hares and arctic ground
squirrels comprised the majority of the diet of
Northern Goshawks nesting in the Yukon Territory (Doyle and Smith 1994). Studies by
Younk and Bechard (1994) in Nevada and
McCoy (1999) in the Cascade Mountains of
northern California follow the same trend of
mammalian prey exceeding the number of
avian prey.
Four studies on Northern Goshawks in the
West had more birds than mammals in the diet
(Schnell 1958, Reynolds and Meslow 1984, Bull
and Hohmann 1994, Watson et al. 1998). While
the data in the last 3 studies did not show statistically significant differences, Schnell’s (1958)
study reported significant differences in favor
of birds. Despite these 4 studies and because
of the large number of studies indicating a difference in food habits between eastern and
western populations of Northern Goshawks,
Bosakowsi (1999) suggested that mammalian
prey items become a larger component of the
Goshawk diet in western North America than
in eastern North America. Bosakowsi (1999)
based this hypothesis on the assumption that
more lagomorph and ground squirrel species
are available in western North America than in
eastern North America. While this may be the
case for ground squirrels, including chipmunk

1Department of Biological Sciences, San Jose State University, San Jose, CA 95192.
2Warner Mountain Ranger District, Modoc National Forest, Box 220, Cedarville, CA 96104.
3Corresponding author.
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species, it is hardly the case for lagomorphs
(Hall 1981).
Although the diets of Northern Goshawks
nesting in areas adjacent to the Warner Mountains have been examined (Schnell 1958, Reynolds and Meslow 1984, McCoy 1999), the
Warner Mountain population has not yet been
thoroughly investigated. Two studies did include some information about the diets of
Northern Goshawks in the Warner Mountains
(Reynolds and Meslow 1984, Bloom et al. 1986).
However, in both studies the diets were determined from a variety of localities and it was
unclear how much of their data came from the
Warner Mountains. The purpose of this study
was to determine the diets of Northern
Goshawks nesting in the Warner Mountains.
STUDY AREA
This study was conducted in the California
portion of the Warner Mountains in the extreme northeastern corner of California. The
Warner Mountains are a faulted range of volcanic origin (Schoenherr 1992, Hickman and
Roberts 1993) with the highest point of the
range, Eagle Peak, extending above 3000 m
(Hickman and Roberts 1993). The area is 1 of 4
ranger districts of the Modoc National Forest
managed by the United States Forest Service
(USFS). Although the northern end of the
range extends into southeastern Oregon, this
study did not include that portion.
During summer 2001 we located nests by
surveying areas containing suitable Northern
Goshawk habitat. Much of the Warner Mountains is composed of mixed conifer forests,
with ponderosa pine (Pinus ponderosa) and
white fir (Abies concolor) occurring frequently
at mid-elevations (Schoenherr 1992). Northern
Goshawks are known to nest in these forests
throughout the range (Bloom et al. 1986).
Surveys focused on regions in which members of the USFS had located nests in the past.
In summer 2001 we located 12 nest sites.
Seven of these were determined to be active
nesting sites for the 2001 season and were
referred to as Del Pratt, Rock Lake, East Creek,
Shields Creek, Fitzhugh Creek, Smalls Canyon, and Hacker Flat nests.
METHODS
Prior to consumption, Northern Goshawks
regularly remove the hair and feathers from
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their prey. In addition, Northern Goshawks regurgitate pellets containing bones and keratinous parts that are not easily digestible (Reynolds and Meslow 1984). These behaviors take
place either at the nest site itself or at perches
commonly referred to as “plucking posts” (Reynolds and Meslow 1984, Bosakowski 1999). In
addition to pellets, plucked prey remains (bones,
hair, and feathers) are commonly found at the
nest trees and plucking posts. It is possible to
identify the various species eaten by examining pellets and prey remains (Reynolds and
Meslow 1984). While there may be biases
associated with the determination of diet from
pellet contents and prey remains (Reynolds
and Meslow 1984, Marti 1987), studies have
shown the method to sufficiently represent food
habits of raptors (Real 1966, Callopy 1983).
We collected pellets and prey remains from
all nest sites and plucking posts, placing them
in plastic bags that we labeled and stored for
subsequent analysis. Each collection from a
given nest site was considered to be a single
sample, and each of these samples consisted of
several pellets and prey remains. In addition
to samples collected in 2001, samples previously collected (1996–1999) by members of
the USFS were examined and included in the
data for this study.
Individual pellets were dissected by hand
as described by Marti (1987). Pellet contents
and prey remains were then identified to
species or genus or were noted as unidentified
bird or mammal. Reference specimens from
the Museum of Birds and Mammals at San Jose
State University were used along with relevant
taxonomic keys to identify prey species.
Each sample was analyzed separately. Bones,
teeth, hair, and feathers were separated and
matched (feathers, beaks, and bones of birds,
and bones, teeth, and hair tufts of mammals)
so that the minimum number of individuals
per sample could be determined (Reynolds
and Meslow 1984). We counted remains of the
same species as more than 1 individual only if
we noted the presence of more than 1 of the
same identifying item(s).
Species composition and minimum number
of individuals of mammalian and avian prey in
each sample were determined. A chi-square
goodness-of-fit was used to determine if there
was a significant difference in the number of
mammals versus birds identified in combined
samples.
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TABLE 1. Northern Goshawk prey, minimum number of individuals from 23 nests in the Warner Mountains, California.
Mammals
Tamiasciurus douglasi
Spermophilus lateralis
Spermophilus beldingi
Spermophilus beecheyi
Spermophilus sp.
Tamias sp.
Sylvilagus sp.
Lepus sp.
Unknown lagomorph
Mustela frenata
Glaucomys sabrinus
Peromyscus maniculatus
Sorex sp.
Microtus sp.
Neotoma cinerea
Unidentified mammal

TOTAL MAMMALS

Number

Birds

Number

22
22
16
2
13
16
6
4
1
1
1
1
2
1
1
19

Colaptes auratus
Cyanositta stelleri
Turdus migratorius
Dendragapus obscurus
Sphyrapicus thyroideus
Oreortyx pictus
Piranga ludoviciana
Carduelis pinus
Agelaius phoeniceus
Dendroica coronata
Aegolius acadicus
Bombycilla sp.
Picoides pubescens
Phasianus colchicus
Sitta sp.
Spizella sp.
Perisoreus canadensis
Unidentified bird

15
13
8
5
3
3
2
2
2
1
1
1
1
1
1
1
1
27

126 (57.01%)

TOTAL BIRDS

95 (42.99%)

TABLE 2. Mammals and birds comprising ≥5% of prey taken by Northern Goshawks in the Warner Mountains. Percent
based on the minimum number of individuals identified.
Species

Percent of category
(mammal or bird)

Percent of all individuals
identified

MAMMALS
Ground squirrelsa
Douglas squirrel
Chipmunks
Lagomorphs

42.06
17.46
12.69
8.73

23.98
9.95
7.24
5.00

BIRDS
Northern Flicker
Steller’s Jay

15.79
13.68

6.79
5.88

aSee Table 1 for list of species.

RESULTS
During summer 2001 we collected 22 samples from 12 Northern Goshawk active nest
sites in the Warner Mountains, 7 of which
were determined to be active sites in 2001. In
addition to the 22 samples collected in 2001,
11 samples, 1 each from 11 different nest sites
collected in previous years, were examined and
included in the data for this study. Thus, we
analyzed a total of 33 samples from 23 nests.
During the study Northern Goshawks in
the Warner Mountains of California consumed
at least 13 mammalian species and 17 avian
species (Table 1). In counting the minimum
number of prey items, we identified 221 individuals. Of these, 126 (57%) were mammals and
95 (43%) were birds. The difference between

mammals and birds in the samples was significant (χ2 = 4.348, df = 1, P ≤ 0.05).
Ground squirrels (Spermophilus sp.) were
most commonly found, accounting for 42% of
the mammals identified and 24% of all individuals identified (Table 2). Other frequently
occurring prey items (≥5.0% of prey individuals
identified) included Douglas squirrel (Tamiasciurus douglasi), chipmunks (Tamias sp.),
Northern Flicker (Colaptes auratus), Steller’s
Jay (Cyanositta stelleri), and lagomorphs
(Sylvilagus sp. or Lepus sp.).
DISCUSSION
Northern Goshawks nesting in the Warner
Mountains prey more heavily on mammals
than birds. Data from this study support the

B
B
B
M
M
M
B
M
M
M
B
B
B
M
= 0.05
> 0.05
= 0.05
= 0.05
= 0.05
> 0.05
= 0.05
= 0.05
= 0.05
= 0.05
> 0. 05
> 0.05
> 0.05
= 0.05
aDiet determined from analysis of regurgitated pellets, prey remains found, or by direct observation of prey items delivered to
bP-value determined by the present study using a chi-square goodness-of-fit analysis, df = 1.
cDirection refers to whether the study reports more mammals or birds: M = mammals, B = birds.

the nest site.

Pellets and remains
Remains
Pellets and remains
Observation and remains
Observation
Remains
Observation
Observation
Pellets and remains
Observation
Pellets and remains
Pellets and remains
Pellets and remains
Pellets and remains
161 (70.00)
47 (61.04)
113 (61.08)
98 (23.90)
64 (27.47)
112 (47.86)
61 (69.32)
89 (24.00)
46 (38.02)
17 (33.00)
125 (55.07)
55 (58.51)
471 (50.32)
95 (42.99)
Bosakowski et al. 1992
Grzybowski and Eaton 1976
Meng 1959
Doyle and Smith 1994
McCoy 1999
Bloom et al. 1986
Schnell 1958
Boal and Mannan 1994
Reynolds et al. 1994
Younk and Bechard 1994
Reynolds and Meslow 1984
Bull and Hohmann 1994
Watson et al. 1998
Present study
New Jersey–New York
Southwest New York
New York–Pennsylvania
Canada: Yukon Territory
Northern California
California
California
Arizona
Arizona
Nevada
Oregon
Oregon
Washington
California

70 (30.30)
30 (38.96)
72 (38.92)
312 (76.10)
169 (72.53)
122 (52.14)
27 (30.68)
281 (76.00)
75 (61.98)
34 (67.00)
103 (45.37)
39 (41.49)
465 (49.68)
126 (57.01)

P-valueb
Techniquea
Number (%)
avian prey
Source

Number (%)
mammalian prey
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Location

concept that Northern Goshawks nesting in
western North America take more mammals
as prey than those nesting in the eastern portion of the continent. Our findings are consistent with other studies that have been conducted throughout the western region of the
United States (Boal and Mannan 1994, Reynolds et al. 1994, Younk and Bechard 1994,
McCoy 1999) and Canada (Doyle and Smith
1994; Table 3). Of the 11 studies conducted in
the western portion of the continent, 6 reported
significantly more mammals than birds in the
diets (Boal and Mannan 1994, Doyle and
Smith 1994, Reynolds et al. 1994, Younk and
Bechard 1994, McCoy 1999, present study).
Schnell (1958), based on a single nest, found
significantly more birds than mammals in their
diet. Schnell’s findings suggest that Northern
Goshawks in the Sierra Nevada of California
take a larger number of birds than mammals,
despite foraging in a western forest where the
availability of mammalian prey items is purportedly greater than in eastern forests. It is
possible that the food habits of this single
nesting pair differed from other pairs and did
not reflect the habits of the population as a
whole. The 3 studies conducted in eastern Oregon and Washington (Reynolds and Meslow
1984, Bull and Hohmann 1994, Watson et al.
1998), while not showing statistically significant results, do not fit the pattern for the rest
of western North America. The reasons for the
deviation are unclear but the percentage of
mammals in the diet exceeded that in the eastern studies (Table 3).
Northern Goshawks take a significantly
higher proportion of birds than mammals
(Table 3) in New York, New Jersey, and Pennsylvania (Meng 1959, Bosakowski et al. 1992).
Of 231 total prey items captured by nesting
Northern Goshawks in the region, 70% were
identified as birds, while 30% were mammals
(Bosakowski et al. 1992). Meng (1959) reported
a similar trend after identifying a total of 185
prey items taken by nesting Northern Goshawks
in Pennsylvania and New York. Of these 185
prey items, 61% were birds, while 39% were
mammals. Similarly, Grzybowski and Eaton
(1976) reported the same percentages of birds
and mammals as Meng (1959) after examining
77 prey items taken by Northern Goshawks in
southwestern New York.
Northern Goshawk food habit variations between eastern and western populations are
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TABLE 3. Frequency of birds and mammals in the diets of Northern Goshawks in different regions of North America.

362

2004]

NORTHERN GOSHAWK FOOD HABITS

likely due to differences in the prey base (Bosakowski 1999). While the number of species of
small mammals, especially ground squirrels
(Tamias sp. and Spermophilus sp.), available as
prey items is greater in western boreal forests
(Hall 1981), without information about population structure, the availability of these species
as potential prey items remains unknown.
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HOST-BASED MORPHOMETRIC DIFFERENTIATION IN THREE
CINARA SPECIES (INSECTA: HEMIPTERA: APHIDIDAE)
FEEDING ON PINUS EDULIS AND P. MONOPHYLLA
Colin Favret1 and David J. Voegtlin1
ABSTRACT.—Cinara edulis (Wilson), C. terminalis (Gillette and Palmer), and C. wahtolca Hottes were all larger when
feeding on Pinus monophylla Torr. & Frem. than when feeding on P. edulis Engelm. Almost all nonsetal morphometric
characters were longer in aphids on the former of these pinyon pines. Although mouthpart characters also followed this
pattern of size in C. edulis and C. wahtolca, rostrum length showed the opposite pattern in C. terminalis and was shorter
when on P. monophylla. This reversal in size pattern suggests that mouthpart size can be independent of overall aphid
size. Principal components analyses corroborate the univariate statistics and we discuss the contribution of various characters to the principal components. We compare environmental induction and environmental selection as explanations
for the observed size differences and discuss the taxonomic implications of our results.
Key words: Aphididae, Cinara, morphometrics, insect, Pinus edulis, Pinus monophylla.

Host-based races of phytophagous insects
have become commonly reported in the entomological literature, evidence coming from
allozyme (Berlocher 1999), DNA sequence
(Brown et al. 1996), morphological (Carson et al.
1982, Pappers and Ouborg 2002), and ecological (Eubanks et al. 2003) data. Aphids (Hemiptera: Aphididae), all species of which are
plant phloem feeders, also form host-adapted
races (Via 1999, Shufran et al. 2000). Aphid
species can exhibit morphological differentiation along host plant lines (Blackman 1981),
and indeed, the morphological divergence can
be high enough to prompt taxonomists to
name new species (Blackman 1987).
We wished to see if morphological adaptation to closely related host plants was evident
in Cinara (Aphididae: Lachninae), a group of
aphids that feed exclusively on conifers in the
Cupressaceae and Pinaceae (Eastop 1972) and
that can be of economic importance (Kfir et al.
1985, Watson et al. 1999, Penteado et al. 2000).
Although pinyon pines are occasional economic
resources (Lanner 1981), the Cinara that feed
on the principal pinyon species in the U.S.,
Pinus edulis Engelm. and P. monophylla Torr.
& Frem., very rarely have any economic impact
(see Palmer 1926 for the only known record of
injurious pinyon Cinara) and are not subject to
the high selective pressures common to aphids

in agricultural systems. Pinyons are small- to
medium-sized pines whose ranges extend over
the mountainous terrain of Mexico and the
southwestern U.S. Pinus edulis grows at elevations between 1600 m and 2300 m in Arizona,
Utah, New Mexico, Colorado, southwestern
Texas, far western Oklahoma, and in an isolated population in southern California. Pinus
monophylla grows at elevations between 1300
m and 2200 m in southern and eastern California, Nevada, southwestern Utah, and western
Arizona. These 2 species of pinyon (and hence
their concomitant Cinara) are largely allopatric,
with a few parapatric areas that also contain
hybrids (Trombulak and Cody 1980, Gafney
and Lanner 1987). Because of their limited
elevational range, pinyon distribution is scattered and island-like, especially in the Great
Basin (Critchfield and Little 1966). Pinyons can
form monocultural woodlands but are more
often found in large stands of pinyon-juniper
woodlands, oak-pinyon scrub, or mixed stands
of other pines, usually P. ponderosa Dougl.
Fourteen species of Cinara are recorded
from P. edulis, and a subset of 4 from P. monophylla (Voegtlin and Bridges 1988). Favret and
Voegtlin (2004) have shown enough genetic
divergence between C. wahtolca Hottes feeding on P. edulis and P. monophylla to posit the
possibility of separate, host-affiliated species.

1Illinois Natural History Survey, 607 East Peabody Drive, Champaign IL 61820.
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Fig. 1. Rostrum of C. edulis.

Here we sought supporting evidence of speciation by examining morphological divergence
between populations of C. wahtolca on the 2
hosts.
Two other species of pinyon-feeding Cinara
were collected in large numbers. Cinara edulis
(Wilson) and C. terminalis (Gillette and Palmer),
like C. wahtolca, were collected across the full
range of the pinyons. Even if C. wahtolca represented only a single species, host-based
morphological differences may be present if
induced environmentally. We therefore analyzed the other 2 Cinara species to see if they
might follow the same host-based trend as C.
wahtolca.
The Rostrum of Cinara
The morphology of the rostrum is widely
used in aphid taxonomy. The length of the
whole rostrum and some of its segments, the
shape and number of accessory setae on the
4th rostral segment, and the shape of the 4th
and 5th segments combined are used in many
identification keys (Richards 1972, CorpuzRaros and Cook 1974, Eastop 1979, 1987, Cook
1984). Furthermore, the structure of the feeding apparatus is often correlated with host plant.
For instance, many grass-feeding aphids have
short, blunt rostra, whereas aphids that feed
on the bark of woody hosts have long rostra
(Heie 1980). Cinara fall into the latter category, and their long, lance-shaped rostrum is a
synapomorphy for the genus (Heie 1988).
The rostrum of Cinara is composed of 5
segments. The first 2 are longer and unpigmented, the next 2 are shorter and sclerotized,
and the terminal segment is usually considerably reduced (Fig. 1). The number of setae on
the 4th segment is conserved within a species

and is taxonomically informative (Eastop 1972,
Pepper and Tissot 1973). Overall length of the
rostrum in Cinara is also taxonomically informative (Voegtlin 1976) and is correlated with
the part of the woody host the aphid feeds on:
the thicker the bark, the longer the rostrum.
In other words, root- and trunk-feeding aphids
have longer rostra than branch-feeding aphids,
which in turn have longer rostra than shootfeeding aphids (Bradley 1961). This correlation
is not without exceptions, and some species
are occasionally found at atypical feeding sites.
For instance, we have found C. ponderosae
(Williams), normally a shoot feeder, on roots,
and C. puerca Hottes, normally a root feeder,
on shoots.
As there is a close affinity between rostrum
morphology and host identity, we predicted that
any morphological differences between Cinara
species feeding on P. edulis and P. monophylla
would be most pronounced in the rostrum.
We predicted that host-based differences in
the morphology of the rostrum would be relatively independent of any host-based differences in the morphology of other parts of the
aphid. To test this hypothesis, we compared
the rostrum of aphids from the 2 pinyon host
species. We also performed principal components analyses with a suite of other morphological characters.
MATERIALS AND METHODS
Collections and
Measurements
Collections of 123 colonies of viviparous
(live-bearing) C. edulis, C. terminalis, and C.
wahtolca were made on P. edulis and P. monophylla across the hosts’ full ranges during the
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summers of 1997–2001. To ensure that we were
comparing appropriate specimens, we did not
analyze material from pinyon hybrids. Material
was collected by visual searching and by beating sheet. Specimens were placed into 70%
ethanol and later cleared and mounted to slides
in Canada balsam. Identifications were made
with Hottes’s (1960) and Blackman and Eastop’s
(1994) keys and with reference to the types.
All specimens were deposited in the Illinois
Natural History Survey insect collection.
We analyzed approximately 3 aphids from
each collected colony. A total of 80 viviparous
alatae (winged aphids) and 134 viviparous
apterae (wingless aphids) of C. edulis were
collected and measured. Fifty-seven and 92
viviparous apterae of C. terminalis and C. wahtolca, respectively, were collected and measured. Insufficient numbers of alatae of these
2 latter species were collected, so they were
omitted from the analyses. Characters that
were obscured or otherwise difficult to measure were omitted on some individuals; therefore the actual sample sizes vary for each character (Table 1).
Characters
We examined the aphids’ rostra to determine
if their morphology was correlated with host
identity. The 2nd rostral segment in Cinara
telescopes into the 1st (Hottes 1954), making
it difficult to obtain a precise measure of overall length. The sclerotized portion of the stylet
groove has provided a useful proxy for rostrum length (Bradley 1961, Foottit and Mackauer 1990). Measurements of this feature, hereafter referred to as Bradley’s measure, were
made using an ocular micrometer on a compound microscope. Rostra that were bent
beyond ~30° or whose basal portion was
obscured by the aphid’s body or head were
omitted.
We counted accessory setae on the 4th rostral segment, which include all setae on the
segment except the 6 on the distal end. Measurements of the lengths of the 3rd and 4th
rostral segments were made with a camera
lucida and Zidas digitizing pad. It is difficult
to obtain consistently accurate measurements
of the diminutive 5th segment, so it was not
included in the analyses.
In addition to the rostral characters, a suite
of other characters was chosen based on successful use in previous studies (Bradley 1961,
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Eastop 1972, Foottit and Mackauer 1990, Foottit 1992), ease of measurement, and low level
of distortion under the pressure of a cover slip
(Foottit 1992). Some standard characters such
as counts of setae on the genital plate or
siphuncular cones were omitted because they
were hard to examine accurately in a large
enough sample of specimens, or because preliminary analysis indicted that they were largely
uninformative. Measurements were made with
a camera lucida and digitizing pad, including
the overall body length; lengths of the 3rd,
4th, and 5th antennal segments; lengths of the
femur, tibia, and ventral aspects of the 2 tarsal
segments; and lengths of the longest seta on
the midpoint of the 3rd antennal segment,
dorsal side of the hind tibia, and 5th abdominal tergum. We counted the number of setae
on the basal portion of the 6th antennal segment and the 8th abdominal tergite.
Analysis of Variance and
Principal Components Analysis
We performed analyses of variance (ANOVA)
for all 4 rostral characters, and for the ratio of
Bradley’s measure to body length and the ratio
of 3rd and 4th rostral segments. Ratios were
used to control for correlation between length
of the rostral segment and overall size of the
aphid. Analyses of variance compared characters of apterae of all 3 species and alatae of C.
edulis feeding on P. edulis and P. monophylla.
To determine if nonrostral characters were
subject to the same level of host-affiliated specialization as the rostrum, we performed univariate statistical analyses, ANOVAs, on them
and on several ratios as well. The 3 ratios were
composed of closely related characters, such
that they likely would be subject to similar selective pressure and correlated response (Price
and Langen 1992). Ratios were of the 2 metatarsal segments, the metafemur and the metatibia, and the 4th and 5th antennal segments.
We also performed multivariate analyses, in
the form of principal components analysis (PCA;
Seal 1968, Pimentel 1979, Jackson 1991), using
all characters except the composite characters
(ratios) and Bradley’s measure, which was omitted to increase sample size. In PCA the correlation between all characters is assessed in a
correlation matrix, and the contribution of each
measure to overall morphometry (shape and
size) of the individual aphid is summarized.
PCA not only compares the contribution of
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various measures to the principal components,
but it also compares individual aphids with
each other along each of the principal component axes. In this way morphometrically distinct groups can be recognized ( Jeffers 1967,
Pimentel 1979). SYSTAT 10 software (SPSS,
Inc., Chicago, IL) was used to perform the
PCA. We used Quartimax rotation, a standard
means of rotating the data points in n-dimensional space to optimize their explanatory
power, keeping those principal components
that explained 1% or more of the morphometric variation. Lastly, we plotted PCA scores for
individual aphids on 2-dimensional graphs
and performed ANOVAs with the principal
components to compare host-affiliated groups
statistically (Pimentel 1979).

measurements for C. edulis alatae, C. edulis
apterae, and C. terminalis), a difference was
seen in only 1: C. edulis had longer dorsal
abdominal setae when feeding on P. edulis. Of
the setal counts the only observed differences
were more setae on the 8th abdominal tergum
in P. edulis–feeding C. edulis alatae than in
those feeding on P. monophylla, and the reverse scenario for C. wahtolca apterae. No differences were observed in the count of setae
on the base of the 6th antennal segment or for
the ratio of metatibia to metafemur. Differences
were observed in the ratio of 4th to 5th antennal segments in all samples except C. terminalis, and in the ratio of 2nd to first metatarsal
segments for C. terminalis and C. wahtolca
(Table 1).

RESULTS

Principal Components Analyses
and Multivariate ANOVAs

Univariate Analyses of Variance
Differences in univariate rostral morphology
were found across all 4 samples (C. edulis alatae
and apterae of all 3 species) and for all 6 characters and ratios (first 6 lines of Table 1). All 3
length measures were greater for P. monophylla–feeding C. edulis alatae than they were
for those aphids on P. edulis. The same pattern
was found for C. wahtolca apterae as well as
for rostral segments 3 and 4 in C. edulis apterae.
The rostral measurements for C. terminalis
apterae showed the reverse distinction, however, and all 3 characters were shorter for P.
monophylla–feeding aphids than they were for
those aphids feeding on P. edulis. Both alatae
and apterae of C. edulis had more setae on
their 4th rostral segment if they fed on P. edulis,
but C. wahtolca had more setae when feeding
on P. monophylla. The ratio of Bradley’s measure to body length was different for all samples except C. wahtolca apterae, and the ratio
of rostral segments 3 and 4 was different for C.
terminalis and C. wahtolca apterae (Table 1).
Differences in nonrostral characters were
also evident (lines 7 to 21 of Table 1). Where
differences were seen, in all 4 samples, measurements of nonsetal body parts were longer
on P. monophylla than on P. edulis. The metatibia, 3rd and 5th antennal segments, and 2nd
metatarsal segment were longer in all 4 sets of
P. monophylla–feeding aphids. All 3 setal measurements were longer in P. monophylla–feeding C. wahtolca than in those feeding on P.
edulis, but of the other 9 combinations (3 setal

The average 1st principal component score
for individual aphids was different for all 4 sets
of aphids, as determined by ANOVA; means of
the 1st component score for individual aphids
were negative for those feeding on C. edulis
and positive for those feeding on P. monophylla (Table 2). There was no significant difference in the means of the 2nd, 4th, or 5th
principal component scores between P. edulis–
and P. monophylla–feeding Cinara. Differences
in the 3rd principal component were seen in
C. edulis and C. terminalis apterae (Table 2).
Figure 2 plots these 2 groups of aphids on axes
representing the 1st and 3rd components.
The direction and magnitude of the contribution of each character to PCA showed a pronounced role for the antennal and tarsal segments, tibia, and body length in the 1st principal component (Fig. 3). The rostral segments
contributed to the 1st principal component in
C. edulis alatae and C. edulis and C. wahtolca
apterae, but negatively to the 3rd principal
component in C. terminalis apterae. Likewise,
the femur contributed greatly to the 1st principal component in the apterae of all 3 species,
but the femur and the tibia contributed more
to the 3rd principal component in the C. edulis
alatae, the tibia being in a negative direction.
The lengths of setae tended to contribute positively to the 2nd principal component, although
the length of the setae on tergum 5 in C. edulis
apterae contributed most to the 3rd component.
Setal counts in both morphs of C. edulis
contributed negatively to the 1st component
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TABLE 1. Morphological measurements (mm). Sample size, mean, range, and level of significance in ANOVA: * = P <
0.05; ** = P < 0.01; *** = P < 0.001.
Species and morph
Host plant

C. edulis alatae
_______________________________________________________________
P.
edulis
P. monophylla
__________________________
__________________________

Measurements

N

Mean

Range

N

Mean

Range

Sig.

Bradley’s measure
Bradley’s measure / Body
Rostrum 3
Rostrum 4
Rostrum 3 / Rostrum 4
Count of setae on rostrum 4
Length of seta on antennal segment 3
Length of seta on hind tibia
Length of seta on 5th abdominal
tergum
Hind tibia
Hind femur
Tibia / Femur
3rd antennal segment
4th antennal segment
5th antennal segment
Antennal segment 4 / segment 5
1st tarsal segment
2nd tarsal segment
Tarsal segment 2 / segment 1
Count of setae on base of antennal
segment 6
Count of setae on 8th abdominal
tergum

26
25
41
41
38
41
39
41

1.82
0.541
0.232
0.188
1.24
16.0
0.048
0.065

1.66–2.08
0.430–0.880
0.195–0.262
0.160–0.213
1.13–1.39
12–22
0.027–0.062
0.028–0.101

26
25
39
39
38
38
39
39

1.90
0.497
0.241
0.196
1.23
14.2
0.047
0.059

1.73–2.03
0.412–0.675
0.222–0.263
0.177–0.214
1.11–1.37
11–16
0.027–0.076
0.036–0.083

**
*
**
***

36
40
41
40
39
39
39
39
40
40
40

0.035
2.59
1.55
1.78
0.480
0.231
0.260
0.887
0.121
0.263
2.19

0.008–0.063
1.78–3.08
1.20–3.20
1.68–2.02
0.395–0.559
0.170–0.291
0.215–0.313
0.705–1.02
0.100–0.134
0.228–0.301
2.01–2.46

36
39
39
39
39
39
39
39
39
37
37

0.028
3.06
1.62
1.89
0.534
0.267
0.297
0.901
0.128
0.283
2.21

0.008–0.063
2.48–3.48
1.34–1.87
1.68–2.03
0.447–0.549
0.222–0.333
0.219–.0315
0.746–1.15
0.095–0.142
0.261–0.312
1.99–2.70

Species and morph
Host plant

38

11.3

8–16

36

10.8

6–14

40

14.0

10–19

37

12.4

10–16

***

***
***
***
***
***
***

***

C. edulis apterae
_______________________________________________________________
P. edulis
P. monophylla
__________________________
__________________________

Measurements

N

Mean

Range

N

Mean

Range

Bradley’s measure
Bradley’s measure / Body
Rostrum 3
Rostrum 4
Rostrum 3 / Rostrum 4
Count of setae on rostrum 4
Length of seta on antennal segment 3
Length of seta on hind tibia
Length of seta on 5th abdominal
tergum
Hind tibia
Hind femur
Tibia / Femur
3rd antennal segment
4th antennal segment
5th antennal segment
Antennal segment 4 / segment 5
1st tarsal segment
2nd tarsal segment
Tarsal segment 2 / segment 1
Count of setae on base of antennal
segment 6
Count of setae on 8th abdominal
tergum

48
48
59
61
59
60
60
59

1.82
0.555
0.238
0.195
1.22
15.5
0.049
0.060

1.53–2.14
0.444–0.736
0.203–0.275
0.168–0.219
1.08–1.44
11–20
0.022–0.078
0.023–0.092

46
46
73
73
73
73
73
67

1.87
0.497
0.243
0.201
1.21
14.8
0.052
0.062

1.58–2.19
0.393–0.608
0.206–0.277
0.174–0.232
1.06–1.38
12–19
0.033–0.077
0.030–0.089

58
59
59
60
60
59
59
59
59
59
59

0.023
2.56
1.42
1.84
0.467
0.214
0.248
0.860
0.125
0.261
2.09

0.007–0.053
1.98–3.11
1.09–2.60
1.60–2.02
0.305–0.610
0.138–0.280
0.179–0.322
0.690–1.06
0.105–0.144
0.224–0.310
1.86–2.32

71
66
69
66
73
73
73
73
66
66
66

0.013
2.84
1.56
1.81
0.516
0.248
0.278
0.898
0.131
0.277
2.11

0.007–0.055
2.11–3.65
1.24–1.85
1.61–1.99
0.385–0.609
0.171–0.331
0.183–0.343
0.726–1.07
0.112–0.15
0.222–0.321
1.88–2.37

56

11.7

6–16

70

12.5

8–19

60

13.5

10–20

72

13.2

10–19

Sig.
***
*
**
*

***
***
***
***
***
***
**
***
***
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TABLE 1. Continued.
Species and morph
Host plant

C. terminalis apterae
_______________________________________________________________
P.
edulis
P. monophylla
__________________________
__________________________

Measurements

N

Mean

Range

N

Mean

Range

Sig.

Bradley’s measure
Bradley’s measure / Body
Rostrum 3
Rostrum 4
Rostrum 3 / Rostrum 4
Count of setae on rostrum 4
Length of seta on antennal segment 3
Length of seta on hind tibia
Length of seta on 5th abdominal
tergum
Hind tibia
Hind femur
Tibia / Femur
3rd antennal segment
4th antennal segment
5th antennal segment
Antennal segment 4 / segment 5
1st tarsal segment
2nd tarsal segment
Tarsal segment 2 / segment 1
Count of setae on base of antennal
segment 6
Count of setae on 8th abdominal
tergum

16
16
28
28
28
27
25
26

1.36
0.509
0.192
0.184
1.05
6.19
0.053
0.085

1.23–1.50
0.431–0.587
0.175–0.211
0.160–0.208
0.933–1.16
5–8
0.027–0.090
0.040–.141

20
20
29
28
28
27
27
29

1.28
0.441
0.184
0.165
1.12
6.11
0.055
0.080

1.10–1.40
0.386–0.561
0.171–0.193
0.142–0.178
1.02–1.26
5–7
0.032–0.083
0.040–0.144

**
***
***
***
***

28
26
26
25
25
25
25
25
26
26
26

0.055
1.87
1.11
1.68
0.422
0.163
0.217
0.753
0.123
0.267
2.18

0.013–0.094
1.51–2.09
0.93–1.22
1.47–1.85
0.295–0.473
0.121–0.209
0.167–0.255
0.598–0.911
0.098–0.140
0.204–0.313
1.94–2.40

29
28
29
28
27
27
27
27
28
28
28

0.064
2.09
1.23
1.69
0.452
0.187
0.240
0.781
0.126
0.285
2.27

0.033–0.112
1.71–2.41
.096–1.40
1.61–1.78
0.367–0.507
0.130–0.222
0.203–0.478
0.624–0.878
0.102–0.143
0.246–0.308
20.3–2.57

23

6.9

4–10

27

7.3

5–10

27

12.4

10–18

28

12.9

10–18

Species and morph
Host plant

***
***
*
***
***
***
**

C. wahtolca apterae
_______________________________________________________________
P.
edulis
P. monophylla
__________________________
__________________________

Measurements

N

Mean

Range

N

Mean

Range

Sig.

Bradley’s measure
Bradley’s measure / Body
Rostrum 3
Rostrum 4
Rostrum 3 / Rostrum 4
Count of setae on rostrum 4
Length of seta on antennal segment 3
Length of seta on hind tibia
Length of seta on 5th abdominal
tergum
Hind tibia
Hind femur
Tibia / Femur
3rd antennal segment
4th antennal segment
5th antennal segment
Antennal segment 4 / segment 5
1st tarsal segment
2nd tarsal segment
Tarsal segment 2 / segment 1
Count of setae on base of antennal
segment 6
Count of setae on 8th abdominal
tergum

13
13
16
16
16
16
15
16

1.43
0.444
0.190
0.153
1.24
5.94
0.078
0.096

1.36–1.60
0.387–0.512
0.166–0.210
0.138–0.163
1.10–1.36
4–8
0.056–0.104
0.072–0.112

41
41
76
76
75
74
76
72

1.57
0.432
0.216
0.167
1.30
6.49
0.104
0.120

1.37–1.82
0.357–0.604
0.194–0.235
0.147–0.187
1.17–1.48
4–8
0.070–0.139
0.076–0.152

***

16
16
16
16
15
15
15
15
16
16
16

0.075
2.37
1.41
1.69
0.517
0.223
0.275
0.821
0.129
0.258
2.00

0.010–0.141
1.99–2.91
1.15–1.70
1.61–1.74
0.362–0.627
0.194–0.285
0.173–0.346
0.705–1.16
0.115–0.141
0.233–0.289
1.83–2.14

76
70
72
70
76
75
74
74
70
70
70

0.122
2.82
1.69
1.67
0.579
0.230
0.328
0.701
0.139
0.289
2.09

0.010–0.179
1.57–3.32
1.27–2.01
1.60–1.82
0.460–0.673
0.181–0.285
0.259–0.394
0.575–0.836
0.107–0.154
0.253–0.328
1.83–2.59

**
***
***

13

8.6

5–12

69

8.5

5–11

16

19.8

14–28

74

26.8

12–38

***
***
**
*
***
***

***
***
***
***
***
**

***
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TABLE 2. Principal components analysis. Sample size, percent of the total variance explained by the principal component, and mean of the component score for the individuals (N) in the sample; * indicates P < 0.001 in ANOVA; lack of *
indicates P > 0.05.

Aphid species

Host species

N

C. edulis alatae

P. edulis

30

1st component
_________________
% of
Mean
variance
–0.567*
36.0

C. edulis apterae

P. monophylla

28

P. edulis

48

C. terminalis apterae

62

P. edulis

19

0.608*

C. wahtolca apterae

P. monophylla

22

P. edulis

13

P. monophylla

0.352*

0.445*

DISCUSSION
Aphid Size As It Relates to Host
Most nonrostral and nonsetal length measures were greater for all 4 groups of Cinara
feeding on P. monophylla than for those feeding on P. edulis (Table 1). One pitfall of the
univariate approach is the tendency to find
significant differences in almost all measurements, as we have done here: Sokal (1962)
found that almost every character differed significantly whether he compared gall-making
Pemphigus populitransversus Riley between
localities or between galls at the same locality.
Also Sokal et al. (1980) and Sokal and Riska
(1981) found as much morphometric variation
between nearby populations of P. populitransversus and P. populicaulis Fitch as they did

–0.641*
10.0

–0.124

–1.287*

and positively to the 2nd. Setal counts in C.
terminalis and C. wahtolca did not follow any
obvious pattern. In C. terminalis setal counts
of the 4th rostral and 6th antennal segments
contributed positively to the 4th principal
component, and counts of the 8th abdominal
tergum did not contribute appreciably to any
of the components. In C. wahtolca there were
negative and positive contributions to the 3rd
component by setal counts of the rostrum and
6th antennal segment, respectively, and positive contributions to the 1st and 2nd components by the setal count of the 8th abdominal
tergum (Fig. 3).

–0.314*

0.144
16.0

0.553*

–0.403
11.7

0.266*

0.405*
9.0

–0.039

–0.516*

63

–0.068

0.051
15.1

50.5

0.063
13.0

–0.121

–0.455*

42.5

3rd component
________________
% of
Mean
variance

0.113
14.7

46.5
P. monophylla

2nd component
________________
% of
Mean
variance

0.309
7.2

0.083

–0.064

between more distant populations. Our sample sizes were not sufficiently large to enable
comparisons between or within colonies on
the same host species, and it is possible that
had we done so, many univariate differences
would have been found. However, we believe
that the concordance of almost every nonrostral, nonsetal character across all 3 Cinara
species is sufficient evidence to conclude that
aphids feeding on P. monophylla are larger
than those feeding on P. edulis.
Previous aphid PCA studies concluded that
size played a major role in the 1st principal
component (Wool 1977, Foottit and Mackauer
1990). The authors of one of the seminal works
on principal components analysis ( Jolicoeur
and Mosimann 1960) also claimed that the 1st
principal component is an indication of size if
all eigenvectors are about equal and share the
same sign. Despite this connection of the 1st
principal component to size, however, all principal components are a combination of size
and shape effects (Somers 1989, Sundberg
1989). Making a distinction between size and
shape effects may even be hard to defend
(Bookstein 1989), and Sprent (1972) reasoned
that size and shape were largely inseparable,
allometry being by definition change in shape
concordant with change in size. For the purposes of this study, however, the strong, positive contributions to the 1st principal component by the 3 antennal segments, 4 leg segments, and body do corroborate the univariate
analyses (Fig. 3).
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Fig. 2. 1st and 3rd principal components as calculated for individual aphids: (a) C. edulis and (b) C. terminalis apterae
on P. edulis (+) and P. monophylla (•).
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Fig. 3. PCA eigenvectors for morphometric characters: (a) C. edulis alatae, (b) C. edulis aptera, (c) C. terminalis
apterae, and (d) C. wahtolca apterae.

Although the aphids studied are clearly
larger when feeding on P. monophylla, we cannot determine whether this is a result of genetically based selective pressure or environmental
induction (Thorpe 1976). Although methods
have been developed to test for the masking of
a genetic component to environment-phenotype correlation (Stinchcombe et al. 2002), our
materials and methods do not answer the question of “nature versus nurture” with respect to
aphid size. However, Via and Shaw (1996) documented selection for an increase in body size
in Acyrthosiphon pisum (Harris) over the course
of a single growing season, showing that aphid
size can be genetically influenced and selected
for. Thus, there is no a priori reason to discount selective pressure as the cause for the
larger body size of Cinara species feeding on
P. monophylla compared with those feeding on
P. edulis.
There are any number of environmental
factors that might cause P. monophylla to host

larger aphids, whether by selection or induction. A higher nutritive quality of the host or
weather-related phenomena may play a role:
Wool (1977) found larger aphids in cooler climates, perhaps a means to reduce heat loss; a
larger size would also result in a lower body
surface area to volume ratio, thereby reducing
the loss of water in drier environments.
Rostrum Length As
It Relates to Host
Rostral measurements of C. edulis alatae
and C. edulis and C. wahtolca apterae were
greater in aphids feeding on P. monophylla than
in those feeding on P. edulis, whereas those of
C. terminalis apterae were smaller (Table 1). In
C. terminalis, therefore, the rostrum followed
the opposite trend as the rest of the body.
Multivariate analyses corroborate the univariate results. Lengths of the 3rd and 4th rostral segments of C. terminalis contribute most,
and negatively, to the 3rd principal component
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(Fig. 3c), in contrast to the positive 1st component contributions of those measurements in
the other 3 groups (Figs. 3a, 3b, 3d). The big
difference in the contribution of the rostral
segments in PCA is likely the cause of the
inverse relationship when the 1st and 3rd principal components of C. edulis and C. terminalis
apterae are plotted on 2-dimensional graphs
(Fig. 2): P. edulis–feeding C. edulis tend toward
the negative and positive 1st and 3rd components (Fig. 2a, upper left of graph), whereas P.
edulis–feeding C. terminalis tend toward the
negative for both components (Fig. 2b, lower
left of graph).
As rostrum length is not positively correlated
with other characters in C. terminalis, there
must be different influences acting on rostrum
length and overall aphid size. Sokal (1952),
studying P. populitransversus, also found rostrum
length to be relatively independent of overall
body size.
Aphid rostrum length has been tied to host
plant properties, with respect to aphids feeding on pubescent hosts (Carter 1982, Moran
1986), and with respect to Cinara feeding on
woody hosts (Bradley 1961, Voegtlin 1976). We
cannot show conclusively a genetic correlation
to host-related selective pressure affecting rostrum length in Cinara, but other evidence is
suggestive. Moran (1986), because she studied
variation between species, concluded that rostrum length in Uroleucon was under strong
selective pressure and she even voiced a concern that environmentally or host-correlated
characters, such as rostrum length (and tarsal
length; Kennedy 1986, Moran 1986), may confound phylogenetic studies. Also, Favret and
Voegtlin (2004) showed that speciation in Pinus–
feeding Cinara is caused in part by host shifts,
with new species developing on a new host at
the same feeding site as on the ancestral host.
Further, since feeding site and rostrum length
are strongly correlated (Bradley 1961), we believe that rostrum length plays a constraining
role as to possible patterns of speciation, and
therefore is likely influenced by a strong genetic
component.
Whether difference in rostrum length between P. edulis– and P. monophylla–feeding C.
terminalis is due to evolutionary selection or
environmental induction, the morphology of
the host is probably the main cause. Cinara
terminalis feeds on the growing tips of the
branches of its host. Perhaps the bark of the
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shoots of P. monophylla is thinner (whether for
developmental or environmental reasons) than
that of P. edulis. The reverse might be true for
C. edulis and C. wahtolca that feed on twigs
and branches. Although we did not perform
host-shift tests, based on our findings of rostrum size, it is likely that populations of any of
the 3 species, were they moved to the other
pinyon host, might suffer a loss of fitness related
to rostrum length (Hawthorne and Via 2001).
We have posited the relative independence
of rostrum length and overall size, our evidence
largely coming from C. terminalis. However,
in the case of the other 2 species, the 2 character suites may show correlated response
(Nijhout and Emlen 1998). It is possible that
selective pressure (or environmental induction) to increase the size of the rostrum may
cause a concomitant increase in overall size.
However, because all 3 species were larger on
P. monophylla, it seems more likely that, if there
is selective pressure, it favors larger aphids (as
opposed to longer rostra) on P. monophylla. It
is possible that a concomitant increase in rostrum length in C. edulis and C. wahtolca would
be mal- or nonadaptive (Price and Langen 1992).
Taxonomic Comments
Foottit and Mackauer (1990) found no geographic population differences in C. nigra (Wilson) using PCA, Foottit (1992) found 3 morphologically distinct groups of C. contortae
Hottes, but insufficient evidence to warrant
separating them taxonomically, and Watson et
al. (1999) described a new species of Cinara
based on morphometric evidence. Caution precludes calling the Cinara on different pinyon
species host-based races. Although there are
clear size differences in the host-based populations of all 3 Cinara species, we cannot come
to any firm taxonomic conclusions without
showing that differences are genetically based
(i.e., selected for). We have no other evidence
for C. edulis. The opposing trends in rostrum
and overall size in C. terminalis (in comparison with C. edulis and C. wahtolca) are compelling. Two known genetic clades of C. terminalis are geographically based, but the geography does not completely mirror host distribution (Favret and Voegtlin 2004). We performed
morphometric analyses with the aphids in these
2 clades, but the results were less conclusive
than the host-based results presented here.
Further study of C. terminalis is required.
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In the case of C. wahtolca, however, there
is clear evidence of divergent lineages based
on cytochrome oxidase 1 sequence data (Favret
and Voegtlin 2004). Here we found that most
examined characters showed significant differences based on aphid host affiliation, and differences were generally more pronounced
than in C. edulis and C. terminalis (by comparing P-values). Three of the 5 ratios intended to
control for size were also different, as well as
all of the setal lengths (in contrast with the
other species). Although the host-based morphometric differences between populations of
C. wahtolca are largely based on size, as noted
above, there is no reason to discount size as a
critical component in morphometric differentiation of host races or even species. Given the
genetic corroboration, we believe the populations of C. wahtolca found on the 2 species of
pinyon are indeed different species, and we
will describe the new species, feeding on P.
monophylla, in a future paper.
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COMPARATIVE HABITAT USE IN A
JUNIPER WOODLAND BIRD COMMUNITY
David C. Pavlacky, Jr.,1,2 and Stanley H. Anderson1,3
ABSTRACT.—We compared vegetation structure used by 14 bird species during the 1998 and 1999 breeding seasons
to determine what habitat features best accounted for habitat division and community organization in Utah juniper
( Juniperus osteosperma) woodlands of southwestern Wyoming. Habitat use was quantified by measuring 24 habitat variables in 461 bird-centered quadrats, each 0.04 ha in size. Using discriminant function analysis, we differentiated
between habitat used by 14 bird species along 3 habitat dimensions: (1) variation in shrub cover, overstory juniper cover,
mature tree density, understory height, and decadent tree density; (2) a gradient composed of elevation and forb cover;
and (3) variation in grass cover, tree height, seedling/sapling cover, and bare ground/rock cover. Of 14 species considered, 9 exhibited substantial habitat partitioning: Mourning Dove (Zenaida macroura), Bewick’s Wren (Thryomanes
bewickii), Blue-gray Gnatcatcher (Polioptila caerulea), Mountain Bluebird (Sialia currucoides), Plumbeous Vireo (Vireo
plumbeus), Green-tailed Towhee (Pipilo chlorurus), Brewer’s Sparrow (Spizella breweri), Dark-eyed Junco ( Junco hyemalis), and Cassin’s Finch (Carpodacus cassinii). Our results indicate juniper bird communities of southwestern
Wyoming are organized along a 3-dimensional habitat gradient composed of woodland maturity, elevation, and juniper
recruitment. Because juniper birds partition habitat along successional and altitudinal gradients, indiscriminate woodland clearing as well as continued fire suppression will alter species composition. Restoration efforts should ensure that
all successional stages of juniper woodland are present on the landscape.
Key words: habitat use, birds, Utah juniper woodland, community organization, succession, vegetation structure.

Juniper woodland is an extensive plant community in the Southwest and Intermountain
U.S. In prehistoric times juniper woodland
experienced dramatic range fluctuations, and
successional trajectories have changed markedly
in the last 150 years (Miller and Wigand 1994).
Recent changes to juniper plant communities
include greater tree density in existing stands,
increased recruitment in open areas, and downslope movement into grassland and shrubland
(Chambers et al. 1999). Possible explanations
for juniper range expansion are fire suppression, livestock grazing, and recent climatic
changes (Miller and Wigand 1994, Chambers
et al. 1999). If juniper expansion is largely due
to human land use, grassland restoration and
control of juniper woodland may be necessary.
However, changes in bird community organization can be expected from management practices that alter woodland succession (Sedgwick
1987).
Pinyon-juniper bird communities are among
the least studied avifauna in the U.S. (Balda
and Masters 1980). Little is known about bird

community organization in pure juniper woodlands (Fitton and Scott 1984). Pinyon-juniper
bird communities are composed of a few dominant, several common, and many rare species
(Balda and Masters 1980). Few avian species
demonstrate narrow niche breadth and are considered specialists within the pinyon-juniper
plant community (Balda and Masters 1980).
Here we investigate differences in habitat
used by 14 common species in a juniper woodland bird community (Table 1).
Studies of habitat partitioning are concerned
with how coexisting species divide environmental heterogeneity (Wisheu 1998). Patterns
of resource segregation in animals often reveal
specific habitat features that influence community organization (Schoener 1986). Understanding avian habitat partitioning and community organization may help land managers
anticipate the effects of human and/or climatic
alteration of successional trajectories in juniper
woodlands.
Our objectives were to (1) identify features
accounting for habitat division among 14

1USGS, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071-3166.
2Present address: School of Life Sciences, University of Queensland, Brisbane, Queensland 4072, Australia.
3Corresponding author.
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TABLE 1. Bird species, alpha codes, and sample sizes used in discriminant function analysis, and percent correct classification, Sweetwater County, Wyoming, 1998–1999.
Species
Mourning Dove (Zenaida macroura)
Northern Flicker (Colaptes auratus)
Gray Flycatcher (Empidonax wrightii)ab
Juniper Titmouse (Baeolophus griseus)ab
Bewick’s Wren (Thryomanes bewickii)a
Blue-gray Gnatcatcher (Polioptila caerulea)a
Mountain Bluebird (Sialia currucoides)
Plumbeous Vireo (Vireo plumbeus)b
Black-throated Gray Warbler (Dendroica nigrescens)a
Green-tailed Towhee (Pipilo chlorurus)
Chipping Sparrow (Spizella passerina)
Brewer’s Sparrow (Spizella breweri)
Dark-eyed Junco ( Junco hyemalis)
Cassin’s Finch (Carpodacus cassinii)

Code

n

Classification

MODO
NOFL
GRFL
JUTI
BEWR
BGGN
MOBL
PLVI
BTYW
GTTO
CHSP
BRSP
DEJU
CAFI

25
25
45
45
45
46
26
25
45
26
30
27
25
26

52
44
40
42
58
50
65
60
40
81
33
100
88
62

aPinyon-juniper specialists (Balda and Masters 1980, Fitton and Scott 1984)
bEndemic to the Great Basin

breeding bird species and (2) compare differences in avian habitat use along habitat gradients. Because pinyon-juniper specialists in
southwestern Wyoming select habitat according to elevation and vegetation structure typical of mature juniper woodland (Pavlacky and
Anderson 2001), we predicted that these factors would influence the habitat distribution of
breeding birds.
METHODS
Study Site
We studied habitat used by 14 members of
a breeding bird community in the Green River
basin, southwestern Sweetwater County, Wyoming. Our study area encompasses 345 km2 of
Utah juniper ( Juniperus osteosperma) woodland east of Flaming Gorge Reservoir, south of
Rock Springs, Wyoming (41°00′–41°30′N,
109°00′–110°30′W). The climate is semiarid
with mean annual temperatures ranging from
1.2°C to 14.8°C, and mean annual precipitation
of 24 cm. Topography of the region consists of
moderately steep rocky ridges and rolling hills
dissected by alluvial flats and ephemeral drainages. Mesic northeastern aspects exhibit highdensity woodlands with relatively high canopy
cover, and xeric, southwestern-facing slopes
support open, low-growing woodland. Low
elevations are dominated by big sagebrush
(Artemisia tridentata) and elevations between
1950 m and 3000 m support monotypic stands
of Utah juniper. Pinyon pine (Pinus edulis) is
present in the understory in the southern por-

tion of the study area. Common understory
shrubs include big sagebrush, mountain mahogany (Cercocarpus montanus), rabbitbrush
(Chrysothamnus spp.), and bitterbrush (Purshia tridentata).
Most woodlands in the study site are located
within Bureau of Land Management (BLM)
boundaries. Land use includes livestock grazing and oil and natural gas development. Several BLM habitat management projects are
aimed at improving forage for livestock and
ungulate game species. An extensive unimproved road network supports activities such
as hunting and recreation associated with Flaming Gorge Reservoir. Some woodlands show
signs of thinning due to firewood and/or fencepost cutting. All woodland patches were subject to livestock grazing and unimproved roads.
Data Collection
We selected 14 of the most frequently encountered bird species for study, representing
the core avian community in Utah juniper
woodlands of southwestern Wyoming (Table 1;
American Ornithologists’ Union 1998). We investigated habitat used by breeding birds along
25 transects in 22 woodland patches from 15
May to 8 July 1998, and from 11 May to 3 July
1999. The patches were defined as discrete
stands of juniper woodland bounded by sagebrush vegetation. Woodland patches with adequate road access were identified by inspection of 1:24,000 aerial photographs and 7.5minute topographic maps. We selected woodland patches in a uniform distribution within
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the study area using a Geographic Information System (ArcView, version 3.1), representing the range of patch sizes (0.1–22.3 km2)
present in the study area (Pavlacky 2000). Of
22 sampled patches, 4 showed signs of woodland thinning, 3 contained edge affiliated with
primary road development, 1 had edge associated with pipeline construction, and 1 contained edge created by prescribed fire. We
positioned line transects (x– length = 1.5 km,
range = 0.8–2.4 km) from woodland edge
toward the interior of each patch using aerial
photographs and topographic maps. Starting
points and transect bearings were predetermined to maximize transect length. Each transect was navigated using compass orienteering
techniques from 0.5 hour after sunrise until 4
hours after sunrise. In both years we visited
the transects once early in the breeding season (11 May–11 June) and again during the
later part of the season (12 June–8 July).
We determined habitat use by centering
0.04-ha circular vegetation quadrats on positions where individual birds were sighted
(James 1971, Larson and Bock 1986). To ensure
independent observations, we used the 1st
bird-centered location for each observed individual. Bird-centered locations along identical
transects between years were treated as independent samples. We chose bird-centered vegetation sampling because it represents an improvement over correlation techniques in its
ability to identify a greater number of specific
habitat features used by individuals within the
bird community (Larson and Bock 1986). This
method is similar to that used by Sedgwick
(1987) except that we marked locations of all
adult birds encountered rather than only singing males, thus avoiding bias in vegetation
height associated with singing perches (Larson and Bock 1986). Birds encountered along
line transects were engaged in a variety of
behaviors including vocalizing, perching, nesting, and foraging. Because breeding bird territories must contain vegetation structure suitable for each of these behavioral activities (Balda
1975, Anderson 1980), we pooled all observations to assess habitat used by each species.
This spatial scale of investigation is designed
to identify the use of habitat features within
bird territories (Johnson 1980) for local populations of several species (Wiens et al. 1986).
Habitat use was quantified by measuring
24 habitat variables in each 0.04-ha bird-cen-
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TABLE 2. Habitat variables measured within 0.04-ha vegetation quadrats, Sweetwater County, Wyoming, 1998–1999.
Description
Elevation (m)
Slope (%)
Seedling and sapling (main stem <10 cm dbh) density
(stems ⋅ ha–1)
Mature tree (main stem 10–35 cm dbh and <5 m height)
density (stems ⋅ ha–1)
Dominant tree (main stem >35 cm dbh and >5 m height)
density (stems ⋅ ha–1)
Total mature tree (main stem >10 cm) density
(stems ⋅ ha–1)a
Sapling and seedling (main stem <10 cm dbh) canopy
cover (%)
Mature tree (main stem 10–35 cm dbh and <5 m height)
canopy cover (%)a
Dominant tree (main stem >35 cm dbh and >5 m height)
canopy cover (%)a
Overstory tree (main stem >10 cm) canopy cover (%)
Canopy height (m)
Effective understory foliage height (cm)
Asteraceae shrub density (mean distance from center
point)
Rosaceae shrub density (mean distance from center point)
Total shrub density (mean distance from center point)
Grass cover (%)
Shrub cover (%)
Forb cover (%)
Litter and stick (<7 cm diameter) cover (%)
Down log and stump (>7 cm diameter) cover (%)
Bare ground and rock cover (%)
Snag (>20 cm dbh and 2 m height) density (stems ⋅ ha–1)
Dead limb (>20 cm dbh and 2 m height) density
(stems ⋅ ha–1)
Decadent tree (>25% dead limbs) density (stems ⋅ ha–1)
aHighly correlated habitat variables removed from analysis

tered quadrat (Table 2). We selected the habitat variables best able to distinguish between
vegetation structure (Anderson 1980) of juniper
woodland successional stages (Blackburn and
Tueller 1970, Barney and Frischknecht 1974,
Koniak 1985). Habitat features were measured
using the modified techniques of James and
Shugart (1970) and Noon (1981). Elevation (m)
above sea level was derived from 7.5-minute
topographic maps. Using a Biltmore reach stick,
we determined the size class of trees by measuring the diameter-at-breast-height (dbh) of
the main tree stem. Juniper trees were classified as seedling/sapling (main stem < 10 cm
dbh), mature trees (main stem 10–35 cm dbh,
< 5 m height), and dominant trees (main stem
> 35 cm dbh, > 5 m height). We determined
density (stems ⋅ ha–1) by counting the number
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of stems in each tree class per vegetation quadrat. For each tree class, canopy cover (%) was
measured as the proportion of hits to misses
while sighting upward along a meter stick at
40 standard locations along 2 transects intersecting the bird location. Overstory juniper
cover (%) was considered canopy cover for
mature trees (main stem > 10 cm). We estimated
tree height (m) as the mean height of canopy
within the vegetation quadrat. Understory foliage height (cm) was defined as the mean height
of vegetation not greater than breast height
along the 4 segments of the intersecting transects. Using an ocular tube with cross hairs,
we measured ground cover (%) by sighting vertically at 40 standard locations along 2 intersecting transects. Decadent trees were those
visually estimated to have >25% dead limbs
(Sedgwick 1987).
Statistical Analyses
We used discriminant function analysis (DFA;
SPSS, version 8.0) to compare habitat use of
14 bird species with ≥25 observations (Table 1;
n = 461). Discriminant function analysis produces 1 or more independent, linear combinations of habitat variables that maximize Mahalonobis distance between group (bird) centroids (Klecka 1980, Williams 1983). The discriminant functions that emerge are composed
of habitat variables that best differentiate between habitat used by members of the avian
community (Sedgwick 1987). We used the discrimination procedure to identify variables
accounting for differences in habitat use, and
classification analysis to assess the fit and predictive ability of the discriminant functions
(Klecka 1980, Williams 1983). Pearson product
moment correlation was used to avoid problems
attributed to multicollinearity (Minitab, version
12.21). When 2 highly correlated habitat variables were encountered (r > 0.70, P < 0.05),
we retained the most biologically explainable
variable in the analysis (Anderson and Shugart
1974). A final set of 21 habitat variables was
used to perform all DFA (Table 2). We interpreted each statistically significant discriminant function (α = 0.05) according to habitat
variables exhibiting the highest structure coefficients (Klecka 1980, Williams 1983). Ordination of bird species in 3-dimensional habitat
space was achieved by plotting group (bird)
centroids in relation to the habitat gradients.
We generated classification statistics using
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quadratic DFA, which relaxes the assumption
of homogeneity within the variance-covariance
matrix (Klecka 1980). Prior probabilities of group
membership were adjusted to reflect the sample size of bird species included in the analysis (Table 1). We considered classification rates
of ≥50% as evidence of habitat partitioning
(Sedgwick 1987).
RESULTS
We differentiated between habitat used by
14 bird species along 3 significant (P < 0.05) discriminant functions (Table 3). Discriminant
function 1 (DF1), defined by a gradation of
shrub cover, overstory canopy cover, mature
tree density, and decadent tree density,
accounted for the greatest differences in habitat use within the breeding bird community
(Wilk’s λ = 0.319, df = 273, P < 0.001, canonical R2 = 0.33). Discriminant function 2 (DF2)
explained changes in habitat use along a gradient of elevation and forb cover (Wilk’s λ =
0.476, df = 240, P < 0.001, canonical R2 =
0.17). Discriminant function 3 (DF3) described
a habitat gradient composed of grass cover,
tree height, seedling/sapling cover, and bare
ground/rock cover (Wilk’s λ = 0.573, df =
209, P = 0.038, canonical R2 = 0.13).
The DFA correctly classified 56% of the
461 bird observations into habitat space used
by 14 bird species. The fit of the habitat model
is 48% better than chance, considering classification of 7% would be expected from a random distribution. Of the 14 species considered, 9 exhibited ≥50% correct classification
(Table 1). Bird-centered locations for each
species were primarily perching sites (34%),
followed by singing stations (31%) for territorial defense. The Mountain Bluebird (Sialia
currucoides) was the only species represented
by a large percentage of known nest sites
(31%).
Ordination of 14 species suggests 3 general
subgroups: 10 species associated with closed
canopy, 3 with open canopy, and 1 with young
woodland (DF1; Fig. 1). The 10 species in the
closed canopy group used woodlands with
greater overstory juniper cover and density of
mature and decadent trees, and lower shrub
cover and understory height than other species.
The Northern Flicker (Colaptes auratus), Greentailed Towhee (Pipilo chlorurus), and Chipping
Sparrow (Spizella passerina) used increasingly
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TABLE 3. Discriminant functions, habitat variables, and range of habitat conditions accounting for differences in habitat used by 14 bird species, Sweetwater County, Wyoming, 1998–1999.
Discriminant functions (DF)
Habitat variables
DF1: Woodland maturity
Shrub cover (%)
Overstory juniper cover (%)
Mature tree density (stems ⋅ ha–1)
Understory height (cm)
Decadent tree density (stems ⋅ ha–1)
DF2: Elevation
Elevation (m)
Forb cover (%)
DF3: Juniper recruitment
Grass cover (%)
Tree height (m)
Seedling/sapling cover (%)
Bare ground/rock cover (%)

Range
______________________
Min
Max

Structure
coefficients

P
< 0.001

0.0
0.0
0.0
23.0
0.0

57.5
77.5
500.0
148.0
325.0

–0.71
0.52
0.48
–0.43
0.38

1927.3
0.0

2242.4
50.0

–0.69
–0.49

0.0
1.5
0.0
0.0

60.0
6.5
30.0
67.5

–0.66
–0.53
0.47
0.39

< 0.001

0.038

Fig. 1. Ordination of 14 bird species along 3 discriminant axes defined by woodland maturity, elevation, and juniper
recruitment, Sweetwater County, Wyoming, 1998–1999. Species codes are given in Table 1.

open woodland with taller trees, moderately
shrubby understory, higher grass cover, and
lower seedling/sapling cover than did other
members of the avifauna. Brewer’s Sparrows
(Spizella breweri) used woodlands with lower

overstory juniper cover, density of mature and
decadent trees, tree height, and grass cover,
and greater shrub cover, seedling/sapling cover,
and understory height than other species in
the community.
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Habitat utilized by most species was concentrated in woodlands at intermediate elevations with moderate herbaceous cover (DF2;
Fig. 1). Dark-eyed Juncos ( Junco hyemalis) used
woodlands at higher elevations with greater
forb cover, while Mourning Doves (Zenaida
macroura), Gray Flycatchers (Empidonax
wrightii), and Mountain Bluebirds used woodlands at lower elevations with less herbaceous
ground cover.
Along habitat gradient DF3, Blue-gray Gnatcatchers (Polioptila caerulea) and Black-throated
Gray Warblers (Dendroica nigrescens) used
woodlands with lower grass cover and tree
height, and greater seedling/sapling and bare
ground/rock cover than other species (Fig. 1).
Gray Flycatcher, Bewick’s Wren (Thryomanes
bewickii), Dark-eyed Junco, and Cassin’s Finch
(Carpodacus cassinii) habitat was intermediate
with respect to grass cover, tree height, seedling/sapling, and bare ground/rock cover. The
Mourning Dove, Juniper Titmouse (Baeolophus
griseus), Mountain Bluebird, and Plumbeous
Vireo (Vireo plumbeus) used woodlands with
greater grass cover and tree height and lower
seedling/sapling and bare ground/rock cover
than other members of the bird community.
DISCUSSION
Our interpretation of the discriminant functions suggests the core bird community in
southwestern Wyoming is organized along a 3dimensional habitat gradient composed of
woodland maturity, elevation, and juniper recruitment (Fig. 1). The structure coefficients
for DF1 (woodland maturity) correspond to a
successional series proceeding from immature
to mature woodland (Table 3). Increased overstory juniper cover, mature tree density, and
decadent tree density along with the corresponding decrease in shrub cover are expected
as succession advances toward mature woodlands (Koniak 1985). The density and canopy
cover of mature trees increase substantially in
stands 100–150 years of age (Barney and Frischknecht 1974). Utah junipers past 137 years of
age begin to senesce, becoming decadent after
241 years (Blackburn and Tueller 1970).
Discriminant function 2 (elevation) and associated structure coefficients parallel a habitat
gradient of elevation and forb cover (Table 3).
Elevation is a complex variable, and relationships can be expected to arise from several
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interrelated factors. We accounted for autocorrelation between habitat variables along the
elevation by removing highly correlated habitat variables from consideration prior to the
analysis. In pinyon pine and Utah juniper woodlands of northwestern Colorado, mean annual
temperature decreases by 1% for every 100 m
increase in elevation (Weldon et al. 1990). High
elevations receive more October–June precipitation and exhibit greater herbaceous productivity than low elevations (Tausch and Tueller
1990, Vaitkus and Eddleman 1991).
We interpreted the structure coefficients for
DF3 ( juniper recruitment) as a successional
gradient proceeding from low to high juniper
recruitment (Table 3). As succession advances
from early to mid-successional stages, seedling/
sapling and bare ground/rock cover increase
while grass cover decreases (Koniak 1985).
However, grass production is positively correlated with increasing tree height due to ecological release from competing shrubs (Vaitkus
and Eddleman 1991). Saplings <3 m tall provide most of the canopy cover in woodlands
22–46 years of age (Barney and Frischknecht
1974). In general, early successional woodlands are characterized by maximum age classes
of <100 years (Vaitkus and Eddleman 1991).
Another interpretation of DF3 describes a
grazing-induced successional pathway in Utah
juniper woodlands (Baker and Kennedy 1985).
According to Baker and Kennedy (1985), livestock grazing can influence woodland succession by decreasing native grass species and
increasing shrubs, forbs, and exotic grasses.
High grazing pressure by domestic livestock
can result in the ecological release of less palatable juniper seedlings (Miller and Wigand 1994).
However, other ecological processes, such as
reduced fire frequency and climate change, can
result in decreased grass cover and increased
juniper recruitment in pinyon-juniper woodlands (Miller and Wigand 1994, Chambers et
al. 1999).
Habitat used by 10 of 14 bird community
members was concentrated toward the end of
the woodland maturity gradient (Fig. 1). Bird
species richness is positively associated with
successional age of pinyon-juniper woodlands
(Rosenstock and van Riper 2001) due to increased vegetation complexity of later successional stages (Germano and Lawhead 1986).
The habitat used by 10 species associated with
mature woodland is subdivided along DF3
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according to juniper recruitment in the midlevel canopy (Fig. 1). Our results are similar to
those of Willson (1974), where the addition of
a mid-canopy tree layer increases vegetation
structure and promotes differential habitat utilization. Late-successional juniper woodlands
are often composed of multiple age classes
ranging from seedlings and saplings to trees
several hundred years old, with most trees in
an intermediate age class (Burkhardt and Tisdale 1969).
Although habitat use was largely concentrated at intermediate elevations, a few species
occupied the elevation gradient extremes (Fig.
1). Stevens (1992) suggests bird distribution
along elevation gradients is a function of species
ability to tolerate a range of microclimates.
Several pinyon-juniper specialists show selection for aspect and elevation in southwestern
Wyoming (Pavlacky and Anderson 2001). However, bird communities may segregate habitat
according to variation in vegetation structure
along elevational gradients (Finch 1989). As
mentioned previously, relationships along elevation gradients may arise from several interrelated variables. For instance, nest sites used
by Dark-eyed Juncos are associated with forb
cover (Dumas 1950), which often increases
with elevation (Tausch and Tueller 1990).
Of 14 species considered, Northern Flickers,
Green-tailed Towhees, and Chipping Sparrows
used woodlands with greater tree height and
grass cover, moderate overstory and shrub cover,
and lower seedling/sapling cover than other
members of the community, indicating an association with open seral woodland (Fig. 1).
Contrary to our results, Sedgwick (1987) found
Green-tailed Towhees and Chipping Sparrows
negatively associated with crown height in
pinyon-juniper woodlands of northwestern
Colorado. We suggest this discrepancy is due
to different study objectives. While Sedgwick
(1987) sampled chained and unchained woodland, we investigated a range of variation in a
naturally patchy woodland. Paleobotanical evidence indicates juniper woodland once existed
in an open, savanna-like condition over much
of the Intermountain region (Miller and Wigand
1994). Although Chipping Sparrows and Greentailed Towhees use woodland openings created
by chaining (Sedgwick 1987), it is likely that
these species have a historical association with
open savanna-woodland interspersed with large
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trees created by natural disturbance. In addition, the presence of open woodland may benefit secondary cavity-nesting species by providing habitat for the primary cavity-nesting
Northern Flicker.
The Brewer’s Sparrow was the only species
associated with immature woodland characterized by low canopy cover and density of
mature trees, and high shrub and seedling/sapling cover (Fig. 1). Often considered a sagebrush specialist, the Brewer’s Sparrow is common in early successional juniper woodland
(Wauer 1964) as well as large sagebrush openings within pinyon-juniper vegetation (Sedgwick 1987).
Habitat partitioning along environmental
gradients results from natural selection, where
habitat overlap imposes fitness costs among
coexisting species (Martin 1996). Although
competition is commonly invoked as a causal
factor (Schoener 1986), different processes can
produce identical patterns of habitat segregation (Wisheu 1998). Habitat division may arise
from a combination of abiotic and biotic factors
(Martin 2001), as well as the physiological,
morphological, and behavioral attributes of
the constituent species (Wisheu 1998). While
the underlying causal processes are unknown,
succession appears to strongly influence avian
community organization in juniper woodlands
(Rosenstock and van Riper 2001).
We recognize 3 limitations to results of our
study. First, because we considered habitat
use relative to other species in the community,
our results may not reflect the habitat preferences of individual species. For example,
Bewick’s Wrens, Blue-gray Gnatcatchers, and
Black-throated Gray Warblers select breeding
territories with greater shrub cover than is
available in the environment (Pavlacky and
Anderson 2001). Results presented here show
that these species use woodlands with lower
shrub cover than several other members of the
bird community. Second, because DFA determines habitat features best able to differentiate among members of the bird community,
habitat associations shared by species cannot
be ascertained. Finally, although sample effort
for each species was equal along the transects,
the range of conditions sampled may not reflect
the actual proportion of habitat features in the
study area. For instance, mature woodland may
have been overrepresented along the habitat
gradient.
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CONCLUSIONS

Ranchers and land managers are concerned
with increasing land cover of juniper and
declining forage production for livestock and
ungulate game species (Burkhardt and Tisdale
1969, Terrel and Spillet 1975). In addition,
encroachment of juniper woodland into grasslands will change species composition and
abundance within grassland bird communities
(Rosenstock and van Riper 2001). Woodland
clearing may benefit certain wildlife species,
but certain woodland-dwelling birds may
decline in response to habitat loss (Terrel and
Spillet 1975, Sedgwick 1987). However, if juniper expansion is largely due to human land
use, grassland restoration and woodland control may be necessary.
Restoration efforts must consider recent
changes to juniper plant communities (Chambers et al. 1999), as well as the possibility of
climate-induced range expansion (Miller and
Wigand 1994). As succession proceeds from
grasslands to tree-dominated woodlands, bird
species enter and leave the community in predictable sequences, according to specific habitat requirements (Rosenstock and van Riper
2001). Because juniper birds appear to partition habitat along successional and altitudinal
gradients, both indiscriminate woodland clearing and fire suppression may alter species
composition, resulting in the elimination of certain avian species. Mature woodlands are often
targeted for woodland clearing due to low forage productivity of late successional stages
(Vaitkus and Eddleman 1991, Chambers et al.
1999). Yet, 6 of 10 species using mature Utah
juniper in the present study are considered
pinyon-juniper specialists in the Intermountain region (Balda and Masters 1980).
Burkhardt and Tisdale (1969) and Rosenstock and van Riper (2001) conclude that juniper control would be more beneficial on recently invaded alluvial sites than mature upland
woodlands. While we agree, fire must also be
returned to woodlands because certain species
have historical associations with open midseral woodlands. Some woodland-dwelling
species may benefit from increased juniper
recruitment and stand density, but juniper
expansion may negatively affect other species
using grass understories and open woodlands
(Fig. 1). The integrity of juniper woodland
bird communities will be enhanced by ensur-
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ing that all successional stages are present on
the landscape (Anderson 1980).
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PASSERINE RESPONSE TO ROADS ASSOCIATED WITH NATURAL GAS
EXTRACTION IN A SAGEBRUSH STEPPE HABITAT
Franz Ingelfinger1 and Stanley Anderson1,2
ABSTRACT.—Natural gas extraction and field development are pervasive throughout the sagebrush steppe of Wyoming.
We conducted this study to determine how roads associated with natural gas extraction affect the distribution of breeding songbirds in sagebrush steppe habitat. The study encompassed dirt and paved roads in the Jonah Field II and
Pinedale Anticline Project Area in Sublette County, Wyoming. Sites are dominated by Wyoming big sagebrush (Artemisia
tridentata), and common passerines include sagebrush obligates: Brewer’s Sparrows (Spizella breweri), Sage Sparrows
(Amphispiza belli), and Sage Thrashers (Oreoscoptes montanus); and non-obligates: Horned Larks (Eremophila alpestris)
and Vesper Sparrows (Pooecetes gramineus). Species relative density was measured using 50-m-radius point counts during spring 1999 and 2000. Four roads with low traffic volumes (700–10 vehicles per day) were surveyed and point counts
were centered at variable distances from the road surface such that relative densities were measured 0–600 m from the
road’s edge. Density of sagebrush obligates, particularly Brewer’s and Sage Sparrow, was reduced by 39%–60% within a
100-m buffer around dirt roads with low traffic volumes (700–10 vehicles per day). While a 39%–60% reduction in sagebrush obligates within 100 m of a single road may not be biologically significant, the density of roads created during natural gas development and extraction compounds the effect, and the area of impact can be substantial. Traffic volume
alone may not sufficiently explain observed declines adjacent to roads, and sagebrush obligates may also be responding
to edge effects, habitat fragmentation, and increases in other passerine species along road corridors. Therefore, declines
may persist after traffic associated with extraction subsides and perhaps until roads are fully reclaimed.
Key words: oil development, natural gas development, roads, passerines, fragmentation, sagebrush, shrub steppe.

While the ecological effects of roads can be
positive, such as in the indirect preservation of
native grassland species in agriculturally developed areas (Bennett 1991, Lamont and Blyth
1992, Warner 1992, Straker 1998), many ecological impacts are negative. Increased mortality,
animal behavior modification, habitat alteration, and spread of nonindigenous plants can all
result from additional roads (Trombulak and
Frissell 2000). Road impact affects an estimated
15%–20% of United States land area (Forman
2000).
The impact of roads with high traffic volumes (>10,000 vehicles per day) on breeding
bird populations has been documented. In a
Netherlands study of breeding bird density in
deciduous and coniferous woodlands, 60% of
species analyzed (26 of 43) showed evidence
of decreased density adjacent to roads. Speciesspecific detectable zones, based on regression
models, were between 40 m and 1500 m for
roads with traffic volumes of 10,000 vehicles
per day, and between 70 m and 2800 m where
traffic volumes exceeded 60,000 vehicles. Traffic

noise and its rate of attenuation were the best
predictors of this pattern. Within 250 m of roadways, reductions in bird densities varied between 20% and 98% depending on species
(Reijnen et al. 1995).
Studies of a breeding population of Willow
Warblers (Phylloscopus trochilus) showed a 33%
reduction in breeding male density within 200
m of a road with a traffic volume of 50,000
vehicles per day (Reijnen and Foppen 1994).
Yearling males accounted for a larger proportion of territorial males within the road zone,
suggesting that less fit individuals were relegated to this 200-m road zone. (Foppen and
Reijnen 1994). Both productivity and population demographics from these studies suggest
that habitat quality within these road zones is
reduced and the area within the road zone
may serve as a population sink for Willow
Warblers (Foppen and Reijnen 1994, Reijnen
and Foppen 1994).
In grassland communities adjacent to roads,
breeding birds also showed similar reductions
in densities. However, because noise attenuates

1Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming, PO Box 3166, Laramie, WY 82071.
2Corresponding author.
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more slowly in open habitats, reductions in
breeding bird density were observed at greater
distances from the road than in wooded habitats (van der Zannde et al. 1980, Reijnen et al.
1996).
Clearly, roads with high traffic volumes can
impact breeding bird populations and habitat
quality. However, little information is available
on the impact low traffic volume (<700 vehicles per day) has on bird communities. New
road construction in the United States is expected to be of this low-volume type, especially
in rural areas and areas associated with resource
extraction (National Research Council 1997,
Trombulak and Frissell 2000). In Wyoming
resource extraction is prevalent and mineral
severance taxes are a major source of state
revenue. In 2000 the assessed value of minerals extracted from Wyoming exceeded $4 billion and provided the state with $279 million
in mineral severance taxes. The value of oil
and gas alone exceeded 62% of the total value
of minerals extracted from Wyoming (Department of Revenue 2001). While oil and gas
extraction are a large source of revenue for
Wyoming and an important domestic energy
source, they often require intense road development. Our goal was to examine how roads
associated with natural gas extraction in western Wyoming affect sagebrush steppe breeding bird distribution and species composition
along roadways.

encompasses 80,000 ha, 80% of which is under
the jurisdiction of the Bureau of Land Management. Vegetation in both the Jonah Field II
and PAPA is dominated by Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis)
with portions of basin big sagebrush (Artemisia tridentata ssp. tridentata) located throughout the bottoms of draws (PIC Technologies
and Bureau of Land Management 1999, Bureau
of Land Management 2000). Common passerines breeding in these areas include sagebrush
obligates such as the Brewer’s Sparrow (Spizella
breweri), Sage Sparrow (Amphispiza belli), and
Sage Thrasher (Oreoscoptes montanus), and
grassland species such as the Horned Lark
(Eremophila alpestris) and Vesper Sparrow
(Pooecetes gramineus).

METHODS

To demonstrate that vegetation was comparable between distance classes, we characterized vegetation within each point count along
line transects. Two 50-m tapes were extended
in opposite directions from the point count’s
center and were oriented at a 45° angle to the
road. Along each 50-m tape vegetation measurements were recorded along three 10-m
intervals, namely, 10–20 m, 25–35 m, and 40–
50 m, from the point count’s center. We used
the line-intercept method (Canfield 1941) to
determine the percent canopy cover of live
and dead sagebrush and live rabbitbrush (Chrysothamnus spp.). Height and species of each
intercepted shrub were recorded and used to
estimate average height of each shrub species
within the point-count (∑i-n (height i * length i)
/ ∑i-n (Length i)). Live and dead sagebrush
density (plants ⋅ m–2) was estimated using a 1m-wide band transect taken along each of the
six 10-m transect sections (James and Shugart

Study Area and
Site Selection
We carried out this study along roads within 2 adjacent natural gas development areas in
western Wyoming, the Pinedale Anticline
Project Area (PAPA) and the Jonah Field II.
The Jonah Field II is a developed natural gas
field with a well density of 3 wells ⋅ km–2
(8 wells ⋅ miles–2). PAPA, north of Jonah II, is a
field in the beginning phase of natural gas
development. It is located along the western
edge of central Wyoming in Sublette County.
The project area is bordered to the east by
Highway 191 and to the west by the Green
River. The town of Pinedale demarcates the
project’s northeastern boundary, and the Jonah
Field II, approximately 56 km south of Pinedale, Wyoming, marks the project’s southern
boundary. The Pinedale Anticline Project Area

Traffic Volume
Traffic volume was measured with pneumatic axle counters. These counters consist of
a counter connected to a 2-cm-diameter rubber hose that we stretched across the road and
monitored daily throughout the breeding season (15 May–30 June). Since pneumatic counters count axles, not vehicles, dividing the
total number of axles counted by 2 created an
index of daily traffic volume (cars per day).
Average daily traffic volume was calculated as
the average of the total traffic volume throughout the breeding season.
Vegetation
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1970). We determined percent cover of grasses,
forbs, litter, bare ground, lichen, cactus, cow
dung, and total ground cover by class using a
20 cm × 50 cm Daubenmire frame (Daubenmire 1959). Cover classes were 0%–5%, 5%–
25%, 25%–50%, 50%–75%, 75%–95%, and
95%–100%. Daubenmire frame samples were
taken at 12 sites within each point count, 6
along each 50-m transect and centered at 12.5
m, 17.5 m, 27.5 m, 32.5 m, 42.5 m, and 47.5 m
from the center. Total cover for each vegetation variable was calculated by averaging the
12 samples.
A density board (20 cm × 100 cm) was used
to measure average vegetation density within
each decimeter interval (10-cm), average maximum vegetation height, and an index of shrubbiness. Density board samples were recorded
at the same 12 locations as Daubenmire frame
samples. Percent vegetation density within each
decimeter interval was estimated by walking 5
m away from the density board in a direction
perpendicular to the transect and by recording percent of the density board covered by all
forms of vegetation. Cover classes were the
same as those used for the Daubenmire frame.
Percent vegetation density within each decimeter interval was calculated by averaging the
values obtained from the 12 density board
samples. Maximum height of vegetation for
each point count was the average maximum
decimeter with vegetation cover. An index of
shrubbiness was calculated as total vegetation
density within the first 2 decimeters. Horizontal
heterogeneity was measured as the betweensample variation in vertical structure and was
indexed by using the coefficient of variation
(CV) between the 12 samples of maximum
height of vegetation recorded with the density
board (CVMAXHT; Wiens and Rotenberry
1980). To correct for small sample bias, we
used the following estimate of CV (Sokal and
Braumann 1980):
CV = (1 + (1 / 4n)) (s * 100/Ybar)
Breeding Bird Distribution
Breeding bird distribution was surveyed
along 4 roads and 1 pipeline right-of-way within the study area: Lumman Road, serving as
the main access to the Jonah Field II; Mesa
Road in the northern portion of PAPA; Oil Well
Road, running north–south along northern
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PAPA; and Highway 351, which bisects southern PAPA and is a paved road between Highway 191 and Big Piney. We also surveyed bird
distribution along a pipeline right-of-way. Vegetation within 8 m of pipelines is cleared and
replanted with grass. Inclusion of a pipeline in
this study provided a reference site with a surface disturbance similar to roads that lacked
the associated traffic (Fig. 1). As topography can
significantly influence vegetation structure in
sagebrush steppe environments, we selected
road sections for flat topography to limit variation in vegetation structure and floristic composition between distance classes. Within
selected road sections, 8–14 transects were
placed perpendicular to the road. Transects
were located by randomly choosing a starting
point for the 1st transect and then spacing
transects at 300-m intervals.
Breeding bird density was surveyed between
15 May and the end of June 1999 and 2000
using 50-m fixed-radius point counts. We surveyed 2 roads during the 1999 field season:
the Mesa and Lumman Roads (referred to hereafter as Mesa I and Lumman I sites). Along
each road 8 transects were run perpendicular
to the road, and transects were spaced 300 m
apart. Points were spaced 250 m apart along
these transects and were located at distances
of 50 m, 150 m, 300 m, 400 m, and 550 m from
the start of the natural vegetation. Road width
ranged between 8 m and 11 m, and total width
of disturbed area was 15–25 m wide. Points on
adjacent transects had the opposite dispersion.
For example, a road that ran east–west would
have point counts located along transects oriented north–south with the 1st transects having points centered at 50, 300, and 550 m from
the road disturbance to the north, and at 150
m and 400 m to the south, while at the next
transect the locations would be reversed: 150
m and 400 m to the north, and 50, 300, and
550 m to the south. This dispersion provided 8
independent samples of breeding bird densities within each 100-m distance class. Distance
classes ranged from 0–100 m, 100–200 m, 250–
350 m, 350–450 m, and 500–600 m from the
road disturbance for points located at 50 m,
150 m, 300 m, 400 m, and 550 m, respectively.
During the 2000 field season, 2 additional
roads (Oil Well Road and Highway 351), a
pipeline, and additional sites along both the
Mesa and Lumman Roads (referred to as Mesa
II and Lumman II sites) were added to the
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b

Fig. 1. Study area comparison of vegetation and traffic disturbance: (a) width of the maintained surface and extent of
vegetation disturbance along roads, (b) daily traffic volume.

study. To concentrate sampling effort where
the road effect was greatest, breeding bird
densities along these additions were sampled
only out to 200 m away from dirt roads and
pipelines and out to 350 m from the paved
highway. Ten transects were placed along each
of these new road sites, providing 10 independent samples of bird density within each dis-

tance class (0–100 m and 100–200 m). Because
Highway 351 was a paved state highway with
greater traffic volumes and speeds than on dirt
roads, points were located at 50 m, 150 m, and
300 m from the road surface along 14 transects, creating 14 independent samples of bird
density within 3 distance classes (0–100 m,
100–200 m, and 250–350 m; Table 1).
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TABLE 1. Description of survey locations, years surveyed, distance classes, and sample size in each distance class.
Location

Years surveyed

Mesa 1

1999–2000

Lumman 1

1999–2000

Hwy 351

2000

Lumman 2
Mesa 2
Oil Well Road
Pipeline

2000
2000
2000
2000

Point centers were permanently marked with
plastic-capped rebar stakes that we set below
the height of the surrounding vegetation to
reduce their attractiveness as perches and song
posts. Birds were never observed using these
stakes as perch sites or song posts. Because
roads served as a natural 50-m boundary marker
for points centered at 50 m from the road, we
used 10 cm × 10 cm neon flags to mark the 50-m
boundary of points located further than 50 m
from the road.
Points were visited 3 times during each
field season. We combined counts from 3 successive point visits to average the number of
detections of individual species and sagebrush
obligates (sum of Brewer’s Sparrow, Sage
Sparrow, and Sage Thrasher). Twenty counts
were conducted per morning between 0430 and
0730 MST on rain-free mornings with wind
speeds below 15 km ⋅ hr –1. Points were visited
in the order in which they were located along
transects. Upon reaching the end of a transect,
the observer would continue counts on the
adjacent transect. To ensure that stations were
visited both early and late in the daily sampling period, observers surveyed points in
reverse order on consecutive visits.
Each point count lasted for 5 minutes, with
time beginning once the observer reached the
50-m boundary of the plot. Walking slowly
towards the plot’s center, the observer would
record and map all birds detected by sight and
sound. Birds that were flushed into the plot
upon approach were not recorded unless they
returned to the plot later in the survey. Flyovers were not counted.

Distance classes
0–100 m, 100–200 m,
250–350 m, 300–400 m,
500–600 m
0–100 m, 100–200 m,
250–350 m, 300–400 m,
500–600 m
0–100 m, 100–200 m,
250–350 m
0–100 m, 100–200 m
0–100 m, 100–200 m
0–100 m, 100–200 m
0–100 m, 100–200 m

Samples size
per class
8

8

14
10
10
10
10

Statistical Analysis
One-tailed t tests assuming unequal variance were used to compare relative breeding
bird densities adjacent to roads (within 100 m)
with those recorded at greater distances. Density of species compared in this analysis
included Brewer’s Sparrow, Horned Lark, and
Sage Sparrow. To provide inference into the
impact of roads on the guild of sagebrush
obligates, we also extended analysis to include
the sum of Brewer’s Sparrow, Sage Sparrow,
and Sage Thrasher detections, hereafter referred
to as sagebrush obligates. Tests were considered significant at α = 0.05. Because multiple
tests of the same hypothesis were conducted,
a Bonferroni correction was applied to the
decision rule of each test to maintain a family
error rate of 0.05 (critical α = 0.0125). Vegetation characteristics were compared adjacent to
and away from the road using 2-tailed t tests
assuming unequal variance. We compared the
following 17 vegetation variables with the greatest potential to influence species distribution:
live and dead sagebrush density; live and dead
sagebrush cover; percent cover of grass, forbs,
litter, and total cover; live and dead sagebrush
height; vegetation density in decimeters 10–40
cm; average maximum vegetation height; shrubbiness; and horizontal heterogeneity. Separatevariance t tests were employed for all t tests
because the separate-variance approach is more
conservative than the pooled-variance approach
when sample sizes differ (Ramsey and Schafer
1997). We used the Mann-Whitney test to
compare median values of horizontal structural heterogeneity (CVMAXHT) within and
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outside the 100-m road zone. The Mann-Whitney test provides greater power than t tests
when the sample distribution is nonnormal
and is recommended when comparing measures of heterogeneity based on correlation coefficients (Sokal and Braumann 1980). Because
it is important to demonstrate the comparability of vegetation structure and cover between
road adjacent sites and sites outside the road
zone, we considered tests significant at α =
0.1. Because multiple tests of the same hypothesis were conducted, a Bonferroni correction
was applied to the decision rule of each test to
maintain a family error rate of 0.1 (critical α =
0.0059). Tests were performed for each study
area (Pipeline, Oil Well Road, Mesa I, Mesa II,
Lumman I, Lumman II, and Highway 351) and
for the combined data from all dirt roads (Lumman I, Lumman II, Mesa I, Mesa II, and Oil
Well Road).
To investigate the influence of traffic on
bird detectability, we measured traffic volume
during counts. At each 5-minute point count,
the number of cars (2 axles) and trucks (>2
axles) was recorded. The effect of traffic was
investigated on a daily basis to isolate the influence of traffic on bird detectability. Simple
linear regression was employed using the
number of vehicles that passed during a count
as a predictor of number of birds detected.
Only 2000 field season data from the Lumman
and Highway 351 sites were used since traffic
volumes on other roads were so low that rarely
more than 2 vehicles passed during an entire
morning. Also, because the effect of noise on
bird detectability should be greatest at sites
adjacent to roads, analyses were restricted to
point counts located 50 m from the road. This
approach provided 9 independent estimates of
traffic effect on bird detectablility. Slopes from
these 9 regressions were pooled and a 1-sample t test was used to determine if the mean
slope differed from 0.
RESULTS
Traffic Volume
Average daily traffic volume during the 1999
field season was 444 cars per day along Lumman Road and 12 cars per day on Mesa Road.
During spring 2000, development activity
increased in Jonah Field II and 2000 traffic
volume averaged 697 cars per day on Lumman Road. Traffic volume on Mesa Road showed
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little change from the previous year (11 cars
per day). Average daily traffic volume along
the new study sites was 344 cars per day along
Highway 351 and 9 cars per day along Oil
Well Road. Vehicles were not present at the
pipeline site (Fig. 1).
Lumman Road was the only road with
enough traffic to discern temporal patterns in
traffic volume, and those reflected workday
and workweek schedules. Traffic peaked between 0430 and 0800 and thereafter remained
fairly steady. On weekends traffic volumes
dropped to 20% of the workweek volume. On
weekdays between 0400 and 0730 traffic volume was 75 cars per hour. On the weekend
traffic dropped to 15 cars per hour.
Vegetation
Vegetation at all study sites was dominated
by Wyoming big sagebrush, with an average
live sagebrush cover of 16.5% and an average
height of 27 cm. Sagebrush cover and height
were comparable between all study areas except
Highway 351, where sagebrush cover and height
were lower (meancover = 11.5%, sx– = 0.65;
meanht. = 20.8 cm, sx– = 0.65). Two-tailed t
tests showed no statistical difference in vegetation structure, cover, or heterogeneity between distance classes (within and outside the
100-m road zones) for any of the individual
study areas or for the combined data set of all
dirt roads (Lumman I, Lumman II, Mesa I,
Mesa II, and Oil Well Road). Similarity of vegetation within these 2 sections was corroborated by using discriminant analysis, which
failed to classify stands into either road or
non-road zones on the basis of measures of
vegetation structure (Ingelfinger 2001).
Breeding Bird Abundance
Breeding bird abundance in 1999 was surveyed at 79 sites along Lumman and Mesa
Roads (39 along Lumman Road, 40 along Mesa
Road). Mean number of birds detected per
point count was 2.97 (sx– = 0.20) and 3.14 (sx–
= 0.21) for Lumman and Mesa Roads, respectively; means were not statistically different.
Brewer’s Sparrow was the most common species detected, accounting for over half of all
detections. Sage Sparrows and Horned Larks
each accounted for about 20% of detections,
while Sage Thrashers and Vesper Sparrows
each comprised less than 5% of detections.
During the 2000 field season, point count
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means were lower than the previous season
(meanLumman = 2.20, sx– = 0.15; meanMesa =
1.82, sx– = 0.16). While there was little change
in relative species abundance, paired t tests
showed that point count means declined by
35% (95% CI = 12%–40%, P < 0.0000) and
42% (95% CI = 27%–57%, P < 0.0000) at
Lumman and Mesa Road sites, respectively.
At Lumman I during the 1999 field season,
sagebrush obligate and Brewer’s Sparrow abundance was significantly lower, and Sage Sparrow abundance was marginally lower within
100 m of the road. Within the 100-m road zone,
densities were reduced by 52% (P = 0.0008)
for sagebrush obligates (mean<100 m = 1.17,
sx– = 0.25 vs. mean>100 m = 2.41, sx– = 0.22),
49% (P = 0.0045) for Brewer’s Sparrow
(mean<100 m = 0.79, sx– = 0.20 vs. mean>100 m
= 1.56, sx– = 0.17), and 52% (P = 0.013) for
Sage Sparrows (mean<100 m = 0.33, sx– = 0.11
vs. mean>100 m = 0.69, sx– = 0.10) relative to
densities outside this zone. Within the 100-m
road zone along Mesa Road, where traffic volume was light, sagebrush obligate density
declined by 40% (mean<100 m = 1.42, sx– =
0.45 vs. mean>100 m = 2.35, sx– = 0.20) and
Sage Sparrow density declined by 49%
(mean<100 m = 0.38, sx– = 0.15 vs. mean>100 m
= 0.74, sx– = 0.11) relative to densities outside
this zone. These declines were not statistically
significant (P = 0.045 and P = 0.034, respectively).
Along the natural gas pipeline, comparisons
of point count means showed no observable
difference in breeding bird abundance between
the 2 distance classes (0–100 m and 100–200
m). Sage Sparrow decline of 64% was not statistically significant (P = 0.047; mean<100 m =
0.13, sx– = 0.05 vs. mean>100 m = 0.37, sx– =
0.09), while Brewer’s Sparrow density was
slightly higher within the 100-m disturbance
zone (mean<100 m = 1.17, sx– = 0.17 vs.
mean>100 m = 0.93, sx– = 0.17). Similar comparisons of point count means along road sites
illustrate a different trend. Along Oil Well
Road sagebrush obligate and Brewer’s Sparrow density declined by 50% (P = 0.008;
mean<100 m = 1.17, sx– = 0.14 vs. mean>100 m
= 2.33, sx– = 0.39) and 59% (P = 0.012;
mean<100 m = 0.63, sx– = 0.12 vs. mean>100 m
= 1.50, s = 0.31), respectively, within the 100m zone. Along Mesa I site sagebrush obligates
were reduced by 43% (P = 0.0032; mean<100
m = 0.92, sx– = 0.18 vs. mean>100 m = 1.62, sx–
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= 0.14) and Sage Sparrows by 76% (P =
0.0012; mean<100 m = 0.13, sx– = 0.09 vs.
mean>100 m = 53, sx– = 0.08) within the 100m road zone. Largest reductions within the
100-m road zone occurred at the Lumman I
site. Within 100 m of this road, sagebrush
obligates were reduced by 60% (P < 0.0000;
mean<100 m = 0.79, sx– = 0.15 vs. mean>100 m
= 1.96, sx– = 0.14), Brewer’s Sparrows by 50%
(P = 0.0005; mean<100 m = 0.71, sx– = 0.13 vs.
mean>100 m = 1.41, s = 0.12), and Sage Sparrows by 76% (P = 0.0006; mean<100 m = 0.08,
sx– = 0.06 vs. mean>100 m = 0.42, sx– = 0.08),
relative to densities outside this zone.
While bird abundance declined within the
100-m road zone along all sites, declines were
not always statistically significant. Along Highway 351, a paved road with an average daily
traffic volume of 344 vehicles, there were no
statistically significant differences in point count
means for any species. Also, no statistical differences in means existed from Lumman II
and Mesa II sites.
To provide an overall idea of how roads
associated with natural gas development affect
breeding bird distribution, we combined data
from all dirt roads surveyed in 2000 and examined point count means for evidence of a road
effect. Highway 351 was excluded from this
analysis because it was a paved road with vegetation that was distinct from other surveyed
sites. Within the 100-m zone sagebrush obligates are reduced by 39% (P < 0.0000;
mean<100 m = 1.09, sx– = 0.10 vs. mean>100 m
= 1.80, sx– = 0.08), Brewer’s Sparrows by 36%
(P < 0.0000; mean<100 m = 0.83, sx– = 0.08 vs.
mean>100 m = 1.29, sx– = 0.08), and Sage
Sparrows by 57% (P < 0.0000; mean<100 m =
0.18, sx– = 0.04 vs. mean>100 m = 0.42, sx– =
0.04), relative to areas outside the 100-m zone.
The data also suggest that Horned Lark abundance may be slightly higher within the road
zone (30% greater, P = 0.023 for 1-tailed t test
for mean road zone > undisturbed zone;
(mean<100 m = 0.51, sx– = 0.08 vs. mean>100 m
= 0.36, sx– = 0.05).
Species Composition
Along roads there was a shift in species
composition, with an increase in Horned Lark
abundance relative to sagebrush obligates.
Within the 100-m road zone, Horned Larks
accounted for 31% of detections and sagebrush obligates 66%. Outside the 100-m road

392

WESTERN NORTH AMERICAN NATURALIST

[Volume 64

zone, Horned Larks accounted for only 16%
while sagebrush obligates increased to 81% of
detections (Fig. 2).
Traffic Influence on
Bird Detectability
The effect of noise was investigated on a
daily basis for those roads where traffic volume was relatively high (>100 cars per day).
The mean slope of regressions did not differ
from zero (meanslope = 0.76, sx– = 0.49, t =
1.58, n = 9), suggesting that traffic noise did
not affect the observer’s ability to detect birds
using a 50-m-radius point count.
DISCUSSION
Results from this study provide evidence
that roads associated with natural gas development negatively impact sagebrush obligate
passerines. Impacts are greatest along access
roads where traffic volume is high. Density of
sagebrush obligates declined by as much as
60% (95% CI = 40%–81%) within a 100-m
buffer around these roads. Even along roads
with light traffic volume (<12 cars per day),
density of sagebrush obligates was reduced
within the 100-m road zone.
Given that sagebrush obligate density is
reduced along roads regardless of traffic volume, we might ask to what aspects of roads
are sagebrush obligate species responding.
Other studies illustrate that when traffic volume is greater than 10,000 vehicles daily,
birds are responding to the disturbance created by traffic noise (Warner 1992, Foppen
and Reijnen 1994, Reijnen and Foppen 1994).
Along Lumman Road traffic volume is heavy
and consistent enough that birds probably are
responding to some aspect of traffic such as
noise or dust.
However, traffic alone cannot explain the
observed reductions in bird abundance along
roads with light traffic volumes (<12 cars per
day), and habitat fragmentation and avoidance
of habitat edges may be influencing passerine
distribution. Roads function as corridors for
the spread of invasive plant species that over
time can change vegetation characteristics and
habitat quality. Roads also function as corridors for predators, including avian predators
such as corvids. Within both PAPA and Jonah
Fields, the Common Raven (Corvus corax), a
common nest predator, frequently nested on

Fig. 2. Relative species abundance within (a) and outside (b) of the 100-m road zone for dirt roads surveyed
during the 2000 field season (n = 46 within and n = 88
outside the 100-m road zone). BRSP = Brewer’s Sparrow,
HOLA = Horned Lark, SAGS = Sage Sparrow, SATH =
Sage Thrasher, VESP = Vesper Sparrow.

well structures, and field development has
likely increased the local raven population.
Along the natural gas pipeline where traffic
was absent, Sage Sparrow density was reduced
by 64% within a 100-m buffer of the surface
disturbance (P = 0.047). Although not statistically significant, there is some evidence that
Sage Sparrows avoided edges created by surface disturbances. Sage Sparrows are area sensitive (Knick and Rotenberry 1995), and while
roads created during natural gas extraction may
not fragment the habitat to the extent found in
forested regions, Sage Sparrows may select
against edges created by road construction.
In addition, road construction creates habitat
for Horned Larks. Horned Larks are grassland
species that are common along dirt roadways
where they forage on windblown seeds that
collect in the lee of gravel on dirt roads (Beason
1995). Within the 100-m road zone, Horned
Larks accounted for 31% of bird detections,
while beyond the 100-m zone they accounted
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for only 16%. This change in species composition is primarily the result of a decline in sagebrush obligate abundance within the 100-m
zone; however, Horned Lark abundance was
slightly higher within the 100-m road zone.
Because Horned Larks foraging on roads and
road margins were outside point count boundaries and not included in count totals, estimates of Horned Lark abundance along roads
are conservative. Extensive studies of sagebrush steppe birds illustrate that competition
rarely structures this avian community (Rotenberry 1980a, 1980b, Wiens and Rotenberry
1981). Negative interactions between sympatric
species are rare in part because resources are
seldom limiting and are not concentrated
(Wiens 1974, 1977). However, the concentration
of seed resources along dirt roads may create a
foraging opportunity that Horned Larks defend.
Of passerines in the study area, the Horned
Lark is the 2nd largest, the Sage Thrasher being
the largest. Horned Larks were repeatedly observed initiating aggressive interactions with
Brewer’s and Sage Sparrows along roads.
Increased concentration of Horned Larks along
roads may reduce the surrounding habitat’s
attractiveness to other sympatric species through
either exploitative or interference competition.
While evidence from this study does not support the competitive exclusion of sagebrush
obligates by Horned Larks, the theory may
warrant additional investigation.
At all study locations, regardless of traffic
volume, sagebrush obligate bird density was
reduced within the 100-m road zone. However,
at 3 sites—Lumman II, Mesa II, and Highway 351—reductions were not statistically significant. At Lumman II and Mesa II, small
sample size reduced the power of these analyses; reductions in breeding bird density of less
than one-third were not statistically significant.
Along Highway 351 bird densities were less,
but again reductions were not statistically significant. Three factors may contribute to this
pattern. First, the road was paved. Although
pavement allows for greater vehicle speeds, it
eliminates the foraging opportunities for Horned
Larks. Paved Highway 351 was the only site
where Horned Larks were reduced within the
road zone. Second, a barbed-wire fence ran
the length of the highway. This fence, 1.3 m in
height, ran parallel to the highway on both
sides of the road. Located about 20 m from the
road’s edge, it split the point counts located
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within the 100-m road zone. Birds were often
observed perching on and singing from this
fence. If this elevated perch attracted birds or
increased their detectability relative to other
areas, the fence may have inflated detection
totals within the 100-m road zone. Finally, Highway 351 was the most xeric area within the
study and had the lowest sagebrush canopy
cover and average height of any site. Point
detections were lower here than at any other
area, and the failure to detect significant declines could have been influenced by the overall paucity of birds within the area.
While a 50% reduction in sagebrush obligates within 100 m of a single road may not be
biologically significant given the dominance of
this vegetation type within the region, the
density of roads created during natural gas
development and extraction compounds the
effect and the area of impact can be substantial. In the Record of Decision, signed in July
2000, the Bureau of Land Management
approved the construction of 444 km of roads
within the portion of PAPA under BLM jurisdiction (Bureau of Land Management 2000). If
a conservative road width of 10 m is used,
roads will cover over 0.7% of PAPA. If a 100-m
buffer is extended around the roads, the
impact will be over 14.6% of PAPA.
This study was conducted during the beginning phases of natural gas development,
during which sagebrush vegetation was still
fairly contiguous and unfragmented. As development continues, roads, pipelines, and well
pads will perforate sagebrush habitats. Future
studies should investigate how birds respond
to these development changes. Of particular
interest is how birds respond to habitat perforation and fragmentation and how species composition changes as roads create corridors that
attract Horned Larks and nest predators to areas
formerly dominated by sagebrush obligates.
The long-term impact of natural gas development on sagebrush obligate passerines is
unclear. Based on this study, sagebrush obligate
passerines are expected to decline within the
study area. The magnitude of this decline will
depend on the amount of road construction
and on bird response to other development
activities such as edges created by pipelines,
habitat fragmentation, and perhaps increases
in Horned Lark abundance.
While sagebrush obligate passerines will
decline during natural gas development and
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extraction within PAPA, perhaps the more
important issue relates to how quickly these
populations will recover after the area is abandoned and reclaimed. Passerines are more
flexible in their breeding requirements than
many other bird species. This suggests that
birds may quickly return to their former ranges
after reclamation. However, population dynamics are not so simple. Natural gas extraction is
expected to increase throughout Wyoming’s
sagebrush habitat. While population consequences of development of a single natural gas
field may not be important, the development
of multiple gas fields simultaneously could
have important long-term population ramifications. Given the inability of sagebrush obligate
passerines to expand their populations quickly
(Wiens 1974, 1977), sagebrush obligate recovery may take decades after reclamation of the
Pinedale Anticline Project Area. Given the inevitability of increased pressures of resource
extraction on sagebrush ecosystems, understanding the large-scale implications for birds
dependent on these systems is essential. Further monitoring seems advisable and may provide inference into how roads, even without
significant traffic volumes, can impact bird
communities.
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HISTORICAL BIOGEOGRAPHY OF THE WOODCHUCK
(MARMOTA MONAX BUNKERI) IN NEBRASKA AND NORTHERN KANSAS
Zachary P. Roehrs1 and Hugh H. Genoways1
Key words: biogeography, Kansas, Mammalia, Marmota, Nebraska, riparian forests.

Jones et al. (1983) described the western
limit of Marmota monax in the United States
as the eastern edge of the northern Great
Plains in Oklahoma, Kansas, Nebraska, and the
Dakotas. Mengel (1970) introduced the idea of
the Great Plains grasslands as a barrier to contact between birds of eastern and western
North American forests. In his studies of bird
biogeography on the Platte River, Knopf (1986)
reported that this barrier has eroded with
development of riparian forests along river
courses of the Great Plains. This concept can
also be applied to mammalian faunal distributions (Benedict et al. 2000).
Choate and Reed (1986), Choate and Haner
(1992), and Wilson and Choate (1996) have
documented westward movement of M. monax
along wooded riparian streams in Kansas.
Marmota monax was described by Jones et al.
(1983) as an edge species, inhabiting areas
where forests meet grassland or savannas. In
Nebraska, as in Kansas, the majority of this
habitat is along river systems, although forest
edge situations also are created by tree planting
in cities, around farmsteads, and for shelterbelts. Recently, Benedict et al. (2000) attributed western range extensions of 8 species of
mammals (including M. monax) to westward
development of riparian forests in Nebraska.
The purpose of this paper is to document westward expansion of M. monax and rates of its
expansion in Nebraska, and to compare these
data with observations from northern Kansas.
Records were taken from museum specimen
tags and literature accounts. Distance measurements were derived using a metric ruler
on U.S. Geological Survey 1:500,000 topographical maps of Nebraska and Kansas. These

measurements were converted to kilometers.
Rates were calculated by taking the straightline distance between records and dividing it
by the number of years between records. Specific locality information is reported in units
recorded on specimen tags or as recorded by
authors that first published the location record.
Specimens are housed in the following collections: Hastings Museum of Natural and Cultural
History (HM); Natural History Museum, University of Kansas (KU); Sternberg Museum of
Natural History, Fort Hays State University
(MHP); University of Nebraska State Museum
(UNSM).
Marmota monax in Nebraska was first
reported by Thomas Say, naturalist on Major
Stephen H. Long’s expedition to the Rocky
Mountains, when he observed the species in
the vicinity of the Engineers Cantonment
between 19 September 1819 and 5 June 1820
(James 1823). The expedition was camped on
the west bank of the Missouri River in southeastern Washington County in Section 28,
T17N, R13E (Goodman and Lawson 1995;
Fig. 1). Later Aughey (1880) reported that in
Nebraska, Arctomys monax [= Marmota monax]
“is found at long intervals.” Cary (1905) noted
from his investigations that M. monax was
“said to occur sparingly along the Missouri
River in northeastern Nebraska”; however, he
was unable to locate any specimen records for
the state. Swenk (1907) took Aughey’s statement further by stating that M. monax occupied the riparian timbers of the Missouri
River but was rare. He further stated that in
1906 Professor Lawrence Bruner of the University of Nebraska reported that woodchucks
were regularly taken around Peru in Nemaha
County along the Missouri River (Swenk 1907).

1School of Natural Resource Sciences and University of Nebraska State Museum, W436 Nebraska Hall, University of Nebraska–Lincoln, Lincoln, NE
68588-0514.
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Fig. 1. Western distributional records of Marmota monax bunkeri in Nebraska and northern Kansas.

It is probable that M. monax was just beginning to move out of the Missouri Valley up
the Platte, Little Nemaha, and Big Nemaha
Rivers by 1916. The woodchuck’s Missouri
River range likely extended northward beyond
Washington County, Nebraska. Despite these
accounts, Howell (1915) noted the presence of
M. monax in eastern Kansas in his revision of
the genus, but he made no mention of this
species in Nebraska. By 1916 M. monax was recorded in northern Kansas only from Douglas
(Table 1, Fig. 1), Johnson, Leavenworth, and
Wyandotte Counties (Kellogg 1915). If M.
monax in Nebraska migrated north from Kansas
up the Missouri River, as suggested by Black
(1935) and Swenk (1938), then M. monax would
have been in Atchison and Doniphan Counties
(the 2 counties to the north of Leavenworth
and Wyandotte on the Missouri River) before
the earliest specimens were acquired (KU
3928 on 5 May 1923 and KU 3906 on 3 March
1923, respectively) in these counties.
In Nebraska the 1st specimens of M. monax
were obtained west of the Missouri River lowlands in Cass County (Table 1, Fig. 1), and in

Jefferson County (Swenk 1938) in 1916. Woodchucks in Jefferson County likely entered the
state by way of the Little Blue River from
Kansas rather than overland from the Missouri
River. When Black (1935) described Marmota
monax bunkeri from its type locality in Douglas
County, Kansas (KU 3089), he suggested that
the species “probably extended north into
Nebraska and west in Kansas up the rivers for
a considerable distance.” However, Choate and
Reed (1986) noted that the 1st specimen (KU
139205) taken in the Little Blue River watershed in Washington County, Kansas, was not
obtained until 1983. This may be attributed to
a lack of collecting, because M. monax was likely
in Washington County some time before 1916.
In his survey of M. monax in Nebraska,
Swenk (1938) assigned specimens to Black’s
(1935) subspecies M. m. bunkeri from Kansas.
He also documented the increase in inquiries
made to county agricultural agents of damage
caused by woodchucks in Cass, Johnson,
Nemaha, Otoe, Pawnee, Richardson, and Saunders Counties. The report in Saunders County
was the westernmost record in central Nebraska
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by 1938 and constituted a westward shift 49
km (5 km ⋅ year –1) in distribution from Cass
County (Table 1, Fig. 1). By this time M. m.
bunkeri likely had expanded up the Platte
River to inhabit much of Saunders and Dodge
Counties in Nebraska. The western extent of
M. m. bunkeri distribution in southern Nebraska
shifted 125 km (4 km ⋅ year –1) to the west from
Nemaha County to Saline County (Table 1,
Fig. 1). Marmota m. bunkeri was established in
the lower reaches of the Little and Big Blue
Rivers, including parts of Saline and all of Jefferson and Gage Counties by 1938 (Swenk 1938,
Jones 1964). In adjacent areas of northern
Kansas, the geographic range of M. m. bunkeri
expanded west from Douglas County to Riley
County (Table 1, Fig. 1). This expansion was
approximately 116 km up the Kansas River
(6 km ⋅ year –1).
Jones (1964) associated the distribution of
M. m. bunkeri in Nebraska with drainages of
the Blue, Nemaha, Missouri, and eastern Platte
Rivers. In 1960 a woodchuck was collected in
Dixon County on South Logan Creek in northern Nebraska (Table 1). This creek has no direct
ties to the Missouri River except through the
Elkhorn and Platte River systems over 129 km
to the southeast. Findley (1956) recorded an
individual of M. monax in 1954 in Clay County,
South Dakota, which is the county across the
Missouri River from Dixon County, Nebraska.
In these accounts Jones made the statement
that the geographic range of M. m. bunkeri is
“in the vicinity of the Missouri River at least
as far as Dixon County.” Jones (1964) also added
a record to the westernmost distributional limits of M. m. bunkeri in southern Nebraska in
Nuckolls County on Elk Creek, a tributary of
the Little Blue River (Table 1). Date of collection for this specimen is uncertain; however,
based on Jones’s field notes and accession
records at the Natural History Museum, University of Kansas, the individual definitely was
collected before 1959. Thus, by 1964 the western limit of M. m. bunkeri range in southern
Nebraska had shifted west 77 km (4 km ⋅ year –1)
from Saline County to Nuckolls County (Table
1, Fig. 1). No rates were calculated from 1938
to 1964 for northern and central Nebraska or
northern Kansas because of a paucity of specimens collected during this period.
Westward movement of M. m. bunkeri in
Nebraska continued though the end of the
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20th century. In his studies of vertebrates of
Fort Niobrara and Valentine National Wildlife
Refuges, Cherry County, Bogan (1997) listed
woodchucks as an “invading species” based on
a photograph of M. m. bunkeri taken in the
Valentine National Wildlife Refuge (photo
preserved in refuge headquarters; Table 1).
Individuals moving up Gordon and Schlage
Creeks from the Niobrara River are probably
responsible for colonizing this wetlands region
of the sandhills. Benedict et al. (2000) also
reported records of woodchucks along Cedar
River in Wheeler County in 1991, Calamus
River in Valley County in 1990, Mud Creek in
Buffalo (UNSM 18676) and Sherman (Table 1)
Counties in 1991 and 1998, respectively, and
the Republican River in Franklin County in
1983 (Fig. 1).
Based on the revised distributional map in
Benedict et al. (2000), the western distributional limit of M. m. bunkeri in northern Nebraska along the Niobrara River and its tributaries shifted west 350 km (12 km ⋅ year –1), from
Dixon County to the Valentine National Wildlife
Refuge, Cherry County. In central Nebraska
along the Platte River and its tributaries, M.
m. bunkeri distribution shifted westward 224
km (3 km ⋅ year –1) from Saunders County to
Sherman County, and in southern Nebraska it
shifted 77 km (3 km ⋅ year –1) from Nuckolls
County to Franklin County (Table 1, Fig. 1).
From 1938 to 2000 the western distribution of
M. m. bunkeri in northern Kansas expanded
from the Manhattan area 291 km (4 km ⋅ year –1)
up the Kansas and Smoky Hill Rivers to Big
Creek in Trego County; 218 km (3 km ⋅ year –1)
along the Kansas, Solomon, and South Fork
Solomon Rivers into Rooks County; and 160
km (3 km ⋅ year –1) up the Kansas and Republican Rivers to a tributary of White Rock Creek
in Jewell County (Table 1, Fig. 1).
An examination of records documenting the
rate of westward range expansion of M. m.
bunkeri between 1916 and 2000 yields a mean
of 4.7 km ⋅ year –1 (Table 1). The mean for records from 1916 to 2000 in Kansas is 4 km⋅ year –1,
5.2 km ⋅ year –1 in Nebraska, and 3.8 km ⋅ year –1
in Nebraska without northern records. It
should be noted that the rates calculated in
this paper are only conservative estimates of
M. monax westward expansion, because the
straight-line distance between locations likely
does not reflect the actual distance moved by
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this species, especially if M. m. bunkeri followed riparian corridors. The higher rate of
expansion in northern Nebraska may be attributable to the presence of well-established
riparian forest communities along the central
Niobrara River that provided appropriate
habitat for M. m. bunkeri to rapidly expand its
distribution westward. A relictual population
of the eastern woodrat, Neotoma floridana baileyi, is confined to the forests along the central
Niobrara River, indicating that a well-defined
forest has been present in this valley for a considerable period of time.
Armstrong et al. (1986) stated that on the
plains “unlike a number of other eastern taxa,
they [M. monax] have not become widespread
by following riparian corridors westward.”
Our evidence does not support this statement.
These results document the westward expanding distribution of M. m. bunkeri in Nebraska
as demonstrated by Choate and Reed (1986),
Choate and Haner (1992), and Wilson and
Choate (1996) in Kansas. Westward movement
of M. m. bunkeri in Nebraska and Kansas is
the result of gradual westward development of
riparian forests that provide forest edge corridors to enable M. m. bunkeri expansion.
As early as the late 19th century, Aughey
(1880) and Bessey (1899) documented the expansion of forest in Nebraska, which they
attributed to the control of prairie fires. This
trend continued through the 20th century
along all major watercourses in the state and is
attributed to both control of fire and changes
in water regimes of these rivers (Tolstead
1942, Weaver 1960, Knopf 1986, Sidle et al.
1989, Roedel 1992, Johnson 1994, Schmidt
and Wardle 1998). Sidle et al. (1989) reported
a 29%–75% increase in riparian forests on the
North Platte and Platte Rivers from 1938 to
1985. Between 1983 and 1994, Schmidt and
Wardle (1998) documented that forestland
increased by 32% in Nebraska.
Ware and Smith (1939) estimated that about
8% of the state of Kansas was forested prior to
settlement. They noted that by 1936 forestland was reduced to just over 4856 km2 (2.4%
of the state), through conversion to agricultural land. This conversion of eastern Kansas
forests into farmland in the early to mid-19th
century created more edge habitat by fragmenting larger forest blocks into smaller, more
elongate blocks of forest. By 1994 forestland
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had expanded once again to 6070 km2 (3% of
Kansas), and this expansion is expected to continue (Leatherberry et al. 1999). Kuchler (1974)
noted, “Since man suppressed them [prairie
fires], the eastern forests have tended to expand
westward [in Kansas].”
Jones (1964) noted that “possibly the planting of many hundreds of miles of Osage
orange hedgerows provided avenues of dispersal . . . ” beyond the riparian forests for M.
m. bunkeri. These hedgerows allow woodchucks access to areas outside watersheds and
across drainage systems. Evidence exists that
hedgerows, fencerows, and shelterbelts are
used by M. monax (Petrides 1942, Forman and
Baudry 1984, Johnson and Beck 1988). Fitch
(1958) noted that in northeastern Kansas, M.
monax preferred field edges near woods and
fencerows for foraging. In Saunders County,
Nebraska, 4 juvenile M. monax were collected
from beneath a shed in a farmyard at least 1
mile from any developed riparian communities (UNSM 20928, 20929, 20930, 20931). The
farmyard had a few trees but would not be
characterized as having an understory or being
forested. In Nebraska and northern Kansas,
westward expanding distribution of M. m.
bunkeri does not merely consist of fingers of
occupied habitat along major rivers and unoccupied habitat between these rivers; instead,
we are observing a front of westward expansion (Fig. 1). This front is led by expansions
along the major rivers followed by expansion
into edge habitat along tributaries, hedgerows,
fencerows, and shelterbelts in areas between
these major rivers.
At present, unoccupied habitat for this species still exists in the western portions of both
Nebraska and Kansas. We predict that M. m.
bunkeri will continue its westward movement
across these states. If this westward expansion
continues at current estimated mean rates of
movement (4.7 km ⋅ year –1), M. m. bunkeri
could reach the Rocky Mountains in <100
years. The possible impact M. monax will have
on western coniferous forest communities where
they could potentially encounter the congeneric
yellow-bellied marmot, Marmota flaviventris,
can only be a matter of speculation at present.
ACKNOWLEDGMENTS
Our thanks are extended to Patricia W.
Freeman and Thomas E. Labedz, University

2004]

NOTES

of Nebraska State Museum; Robert M. Timm
and Thorvald Holmes, Natural History Museum, University of Kansas; Jerry R. Choate and
Mark Omura, Sternberg Museum of Natural
History, Fort Hays State University; Teresa J.
Kreutzer, Hastings Museum of Natural and
Cultural History, Hastings, Nebraska; and
Richard E. Johnson, Conner Museum, Washington State University, for providing information
and access to specimens in their collections.
We thank Wayne J. Mollhoff for collecting specimens housed in the UNSM. We also thank
Jillian T. Detwiler and Patricia W. Freeman for
reviewing this paper, and Angie Fox, University
of Nebraska State Museum, for preparing the
original figure.
LITERATURE CITED
ARMSTRONG, D.M., J.R. CHOATE, AND J.K. JONES, JR. 1986.
Distributional patterns of mammals in the plains
states. Occasional Papers of the Museum, Texas Tech
University 105:1–27.
AUGHEY, S. 1880. Sketches of the physical geography and
geology of Nebraska. Daily Republican Book & Job
Office, Omaha, NE. 120 pp.
BENEDICT, R.A., H.H. GENOWAYS, AND P.W. FREEMAN.
2000. Shifting distributional patterns of mammals in
Nebraska. Transactions of the Nebraska Academy of
Sciences 26:55–84.
BESSEY, C.E. 1899. Are trees advancing or retreating upon
the Nebraska plains? Science 10:768–770.
BLACK, J.D. 1935. A new woodchuck from Kansas. Journal
of Mammalogy 16:318–320.
BOGAN, M.A. 1997. Historical changes in the landscape
and vertebrate diversity of north central Nebraska.
Pages 105–130 in F.L. Knopf and F.B. Samson, editors,
Ecology and conservation of Great Plains vertebrates.
Springer-Verlag, New York.
CARY, M. 1905. The mammals of Nebraska. Unpublished
handwritten manuscript. U.S. Fish and Wildlife Service, Washington, DC. 143 pp.
CHOATE, J.R., AND T.W. HANER. 1992. Probable distribution
of the woodchuck in north central Kansas. Prairie
Naturalist 24:65–66.
CHOATE, J.R., AND K.M. REED. 1986. Historical biogeography of the woodchuck in Kansas. Prairie Naturalist
18:37–42.
FINDLEY, J.S. 1956. Mammals of Clay County South Dakota.
University of South Dakota Publications in Biology
1:1–45.
FITCH, H.S. 1958. Home ranges, territories, and seasonal
movements of vertebrates of the Natural History Reservation. University of Kansas Publications, Museum
of Natural History 11:63–326.
FORMAN, R.T.T., AND J. BAUDRY. 1984. Hedgerows and
hedgerow networks in landscape ecology. Environmental Management 8:495–510.
GOODMAN, G.J., AND C.A. LAWSON. 1995. Retracing Major
Stephen H. Long’s 1820 expedition: the itinerary

401

and botany. University of Oklahoma Press, Norman.
366 pp.
HOWELL, A.H. 1915. Revision of the American marmots.
North American Fauna 37:1–80.
JAMES, E. 1823. Account of an expedition from Pittsburgh
to the Rocky Mountains, performed in the years 1819
and ’20 by order of the Honorable J.C. Calhoun,
Secretary of War; under the command of Major
Stephen H. Long. H.C. Carey and I. Lea, Philadelphia, 1:1–503.
JOHNSON, R.J., AND M.M. BECK. 1988. Influences of shelterbelts on wildlife management and biology. Agriculture, Ecosystems and Environment 22/23:301–335.
JOHNSON, W.C. 1994 Woodland expansion in the Platte
River, Nebraska: patterns and causes. Ecological
Monographs 64:45–84.
JONES, J.K., JR. 1964. Distribution and taxonomy of mammals of Nebraska. University of Kansas Publications,
Museum of Natural History 16:1–356.
JONES, J.K., JR., D.M. ARMSTRONG, R.S. HOFFMANN, AND
C. JONES. 1983. Mammals of the northern Great
Plains. University of Nebraska Press, Lincoln. 379 pp.
KELLOGG, R. 1915. The mammals of Kansas with notes on
their distribution, habits, life histories and economic
importance. Master’s thesis, University of Kansas,
Lawrence. 318 pp.
KNOPF, F.L. 1986. Changing landscapes and the cosmopolitism of the eastern Colorado avifauna. Wildlife
Society Bulletin 14:132–142.
KUCHLER, A.W. 1974. A new vegetation map of Kansas.
Ecology 55:586–604.
LEATHERBERRY, E.C., T.L. SCHMIDT, J.K. STRICKLER, AND
R.G. ASLIN. 1999. An analysis of the forest resources
of Kansas. United States Department of Agriculture,
Forest Service, Research Paper NC-334. North Central Research Station, St. Paul, MN. 114 pp.
MENGEL, R.M. 1970. The North American central plains
as an isolating agent in bird speciation. Pages 280–
340 in W. Dort and J.K. Jones, Jr., editors, Pleistocene and Recent environments of the central Great
Plains. University of Kansas Press, Lawrence.
PETRIDES, G.A. 1942. Relation of hedgerows in winter to
wildlife in central New York. Journal of Wildlife
Management 6:261–280.
ROEDEL, M.D. 1992. The increase of woody vegetation
and associated expansion of range of Peromyscus leucopus (Rodentia) along the Republican River in southwestern Nebraska. Master’s thesis, University of
Nebraska, Lincoln. 60 pp.
SCHMIDT, T.L., AND T.D. WARDLE. 1998. The forest resources
of Nebraska. United States Department of Agriculture, Forest Service, Research Paper NC-322. North
Central Research Station, St. Paul, MN. 114 pp.
SIDLE, J.G., E.D. MOLLER, AND P.J. CURRIER. 1989. Changing habitats in the Platte River Valley of Nebraska.
Prairie Naturalist 21:91–104.
SWENK, M.H. 1907. A preliminary review of the mammals
of Nebraska with synopses. Publications of the Nebraska Academy of Science 8:61–144.
______. 1938. Distribution of Marmota monax in the Missouri Valley region. Journal of Mammalogy 19:348–353.
TOLSTEAD, W.L. 1942. Vegetation of the northern part of
Cherry County, Nebraska. Ecological Monographs
12:255–292.

402

WESTERN NORTH AMERICAN NATURALIST

WARE, E.R., AND L.F. SMITH. 1939. Woodlands of Kansas.
Agricultural Experiment Station, Kansas State College of Agriculture and Applied Science, Bulletin
285:1–42.
WEAVER, J.E. 1960. Flood plain vegetation of the central
Missouri valley and contacts of woodland with prairie.
Ecological Monographs 30:37–64.

[Volume 64

WILSON, G.M., AND J.R. CHOATE. 1996. Continued western dispersal of the woodchuck in Kansas. Prairie
Naturalist 2:21–23.
Received 21 October 2002
Accepted 15 December 2003

Western North American Naturalist 64(3), © 2004, pp. 403–405

CANNIBALISM AND PREDATION BY WESTERN TOAD
(BUFO BOREAS BOREAS) LARVAE IN OREGON, USA
D. Jess Jordan1, Christopher J. Rombough1, Christopher A. Pearl1,2, and Brome McCreary1
Key words: anuran, Bufo boreas boreas, cannibalism, Pseudacris regilla, larvae, predation, Rana cascadae.

Larval amphibians have been widely used
as model organisms in studies of community
ecology of freshwater systems (Morin 1983,
Alford 1999). Much of this work has assumed
that trophic effects of larval anurans are
focused on periphyton and planktonic algae
(Dickman 1968, Seale 1980, Duellman and
Trueb 1986), a view that has recently been
questioned. Recent experiments suggest that
anuran larvae can occupy broader trophic roles
than previously believed and may function as
important predators in some pond communities
(Petranka et al. 1994, Petranka and Kennedy
1999).
Reports of larval cannibalism and predation
among anurans have been restricted to the
genera Rana (family Ranidae) and Scaphiophus
(Pelobatidae) (Bleakney 1958, Bragg 1964, Petranka et al. 1994, Alford 1999, Petranka and
Kennedy 1999). Several members of the genus
Bufo (Bufonidae) are known to cannibalize eggs
(Bufo calamita, Banks and Beebee 1987; B.
arenarum, Crump 1992; B. terrestris, Babbitt
1995) or to consume invertebrate or larval fish
prey (Diaz-Paniagua 1989, Nguenga et al.
2000). However, published reports of larval
cannibalism and predation on amphibian prey
in the family Bufonidae are limited to a single
laboratory study (B. bufo, Nagai et al. 1971).
Field observations of cannibalism or interspecific predation by larval bufonids have not
been reported. Here we report field observations of cannibalism by larval western toads
(Bufo boreas boreas), as well as predation by
B. b. boreas larvae on larval and metamorphosing Pacific chorus frogs (Pseudacris regilla)
and Cascades frogs (Rana cascadae) in the Cascade Mountains of Oregon, USA.

On 12 July 2001, DJJ and CJR observed
high densities of anuran larvae of 3 species (B.
b. boreas, P. regilla, and R. cascadae) at West
Snow Lake (43°02.05N, 122°29.13E; elev.
1460 m). The lake had dried down to a pool
ca. 40  20 m with a maximum depth of ca.
1.5 m. Our visual survey of the site yielded the
following abundance estimates: 9,000 B. b.
boreas larvae (mean snout-vent length (SVL)
= 12.0 mm, n = 10); 34,000 P. regilla larvae,
metamorphs, and juveniles (mean SVL = 10.0
mm, n = 10); and 26,000 R. cascadae larvae,
metamorphs, and juveniles (mean SVL 21.0 mm,
n = 10). Most feeding B. b. boreas tadpoles
were engaged in typical benthic scouring, with
lesser numbers grazing the underside of the
surface film. During our survey we observed 5
B. b. boreas tadpoles feeding on live, apparently uninjured conspecifics in shallow (25 cm)
water ca. 45 cm from shore. We observed 2
additional B. b. boreas larvae (SVL ca. 12 mm)
pursue and attack a conspecific that was swimming weakly in 20-cm-deep water. Within 30
seconds, another ca. 10 B. b. boreas larvae were
feeding on the injured larva. Viscera and recently erupted rear limbs were consumed first,
and the entire larva was consumed within ca.
90 seconds. We observed 12 similar cannibalistic aggregations of B. b. boreas larvae in the
pool, all of which were located 35–45 cm from
shore in water 20–30 cm deep.
We (DJJ and CJR) also observed B. b. boreas
larvae prey upon 1 live R. cascadae larva (SVL
ca. 22 mm) and 1 live R. cascadae metamorph
(SVL ca. 18 mm). The R. cascadae larva and
metamorph were both initially attacked by 1
B. b. boreas larva. In both cases we observed
small aggregations of B. b. boreas (5–7 larvae)

1U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way, Corvallis, OR 97333.
2Corresponding author.
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feeding on the R. cascadae within 60–70 seconds of the initial attack. No injuries were
observed on the R. cascadae larva or metamorph prior to either attack.
During the same survey we observed B. b.
boreas larvae pursue and attack 5 P. regilla
metamorphs (SVL ca. 10 mm). These attacks
were similar to the previously described R.
cascadae attacks, with 1 B. b. boreas larva
making the initial attack and other B. b. boreas
larvae arriving after that initial contact. In
addition, we observed 4 aggregations of 3–4
B. b. boreas larvae feeding on 2 live and 4
dead P. regilla larvae (SVL ca. 8 mm). We observed no signs of injury or weakness in the 2
live P. regilla larvae during our observations.
All observed instances of P. regilla predation
occurred within 30 cm of shore in water that
was 10–15 cm deep.
Larval B. b. boreas cannibalism was also
observed in Big Lake (44°22.50N, 121°51.91E;
elev. 1407 m) on 3 July 2001. While sampling
a shallow, sparsely vegetated bay, DJJ and
another surveyor observed 13 aggregations of
5–10 B. b. boreas larvae. Ten of these aggregations appeared to be feeding on deceased conspecifics and 3 on live B. b. boreas larvae. To
examine potential attraction to conspecifics,
we collected 5 dead B. b. boreas larvae from
dried peripheral pools. We placed 1 larva within 30 cm of each of the aforementioned larval
aggregations. Soon after introduction (mean =
116 seconds; range 93–151 seconds), 3 or more
live B. b. boreas from larval aggregations began
feeding on the dead larva. In each case at least
partial consumption of the skin of the deceased
larva was observed.
We (BM and CJR) made a 3rd observation
of cannibalism by larval B. b. boreas on 17 July
2003 at Frying Pan Lake (50°04.30N,
59°49.26E; elev. 1227 m). Water depth in Frying Pan Lake was reduced 75–100 cm (ca. 40%–
50%) below levels observed during summer
2002. We estimated that ca. 80,000 larval (mean
SVL = 15.0 mm, n = 8) and ca. 120,000 recently metamorphosed B. b. boreas (mean
SVL = 14.5 mm, n = 5) were present at the
site. Most larvae that we observed feeding
appeared to be grazing slowly over flocculent
organic sediments. A smaller number of larvae
were grazing along pondweed (Potamogeton
natans) leaves and sedge (Carex sp.) stems.
While surveying, we observed 5 B. b. boreas
larvae (SVL ca. 15 mm) converge on and com-
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pletely consume a weakly swimming conspecific larva of similar size as its attackers. The
attack lasted ca. 180 seconds and occurred in
shallow water ca. 1 m from an aggregation of
ca. 5000 B. b. boreas larvae. Later during the
same survey, we observed a B. b. boreas larva
(SVL ca. 15 mm) swimming at the water surface above a living transformed B. b. boreas
juvenile of similar SVL. Closer inspection revealed that the larva was holding the juvenile
by the gular region and had already removed
the skin and rasped away some of the underlying tissue. During 15 minutes of observation,
the juvenile B. b. boreas gradually ceased struggling. By the end of this period, the larva had
consumed a significant amount of tissue from
the juvenile’s gular region.
High larval densities and scarce food resources have been associated with cannibalism
and predation among non-bufonid anuran larvae (Bragg 1946, Crump 1983). Water levels at
all sites in this study were substantially reduced
by low winter precipitation. In particular, the
winter of 2000–2001 was the 2nd lowest snowpack in 20 years (63% of the 20-year mean) in
the central Oregon Cascades (Irish-Taylor
Snotel station; http://www.wcc.nrcs.usda.gov/
snotel/Oregon/oregon.html). Reduced water
volume in montane lakes can concentrate anuran larvae in lake centers where macrophytic
vegetation is often less abundant than in the
peripheral fringes (C. Pearl and B. McCreary
personal observation). The small sizes of larval
and metamorphic individuals of the 3 anuran
species in West Snow Lake are consistent with
a food-limited system (see Wilbur 1977). We
hypothesize that the combination of high larval densities and food limitation may have
triggered the predatory behaviors we observed.
Larval cannibalism can confer growth or
survival benefits to those individuals that consume conspecifics in amphibians (Bragg 1964,
Nagai et al. 1971, Crump 1990, Wildy et al.
1998). In addition, cannibalism has been linked
with accelerated metamorphosis in salamander larvae (Lannoo et al. 1989). Whether this
occurs with B. b. boreas during low water conditions merits further investigation. Our observations of B. b. boreas cannibalism and predation support Petranka and Kennedy’s (1999)
assertion that anuran larvae may at least occasionally exercise trophic effects beyond their
traditionally accepted role as herbivores.
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FOXES ON A HOT TIN ROOF
James A. Sedgwick1,2 and John Bartholow1
Key words: red fox, gray fox, climbing behavior, canid morphology.

The red fox (Vulpes vulpes) is known to be a
highly adaptable animal, using a wide range of
habitats. The most widely distributed carnivore in the world, the red fox is found in North
America from the Arctic Circle to northern
Mexico and from Alaska to extreme eastern
Canada (Lariviere and Pasitschniak-Arts 1996).
Red foxes have been present historically in a
variety of natural habitats, including arctic tundra, deciduous forests, rangelands, agricultural
lands, and mountains. Red foxes now also occur
with increasing frequency in urban settings.
On 25 June 2003, at 0950–1200 MDT, 2 red
foxes, probably young-of-the-year, were observed in an urban situation in Fort Collins,
Colorado, a city of approximately 125,000. The
foxes’ presence in an urban area was not unusual, where warehouses, agricultural outbuildings, a federal research campus, and residential housing are interspersed with open space,
bike trails, a railroad right-of-way, and small
grassy areas. The peculiarity of the observation
was that the foxes were 9.5 m aboveground on
the roof of a domestic animal outbuilding (Fig.
1). The sheet-metal building is 80 m × 20 m
and open on one side. Its roof is fairly flat,
having a pitch of 6 degrees. One of numerous
outbuildings, barns, and sheds, this building is
on the compound of the Colorado State University Veterinary Science facility and is used
as a shelter and livery for horses and cows.
With the exception of the gray fox (Urocyon
cinereoargenteus), which climbs trees to forage, escape, and rest, and is occasionally even
seen on rooftops, canids rarely exhibit arboreal tendencies (Fritzell and Haroldson 1982).
Canid morphology is thought to constrain the
locomotor activities involved in climbing (Taylor 1989). Red foxes do not normally climb but

have been observed climbing narrow cliff ledges
in pursuit of seabird eggs, chicks, and adults
on Baccalieu Island, Newfoundland (Maccarone
and Montevecchi 1981, Sklepkovych 1986). On
the same island, when food was scarce during
the winter, 2 different red foxes were observed
in balsam firs (Abies balsamea) chewing on
cones and climbing in mountain ash (Sorbus
americanus) and white birch (Betula papyrifera),
up to ~8 m aboveground (Sklepkovych 1994).
The red foxes we observed were able to gain
access to the building roof because of severe
damage to the building following a record-setting blizzard occurring 17–19 March 2003.
The weight of 81 cm of accumulated snow collapsed many roofs in Fort Collins, including a
portion of the sheet-metal building where the
foxes were observed. The west quarter of the
building suffered the most damage where metal
girders and sheet metal collapsed. Leaning on
the ground, these metal pieces provided a makeshift access ramp to the structure’s roof (Fig. 2).
Foxes were observed on the roof at 0950–
1030 MDT as they were pacing back and forth
along the peak of the roof and on the sloped
part of the roof to its outer edge. They frequently looked down over the peak of the roof
into the open side of the building in an apparent attempt to determine how to gain access to
Rock Doves (Columba livia), House Sparrows
(Passer domesticus), and European Starlings
(Sturnus vulgaris) which were perched on exposed steel beams just under the peak and
were flying in and out of the building. Four to
6 Rock Doves were intermittently present on
the roof 5–10 m from the foxes, but the foxes
made no obvious attempt to pursue or capture
them. Upon our approach, the foxes returned
to the ground, apparently without difficulty.

1USGS Fort Collins Science Center, 2150 Centre Avenue, Fort Collins, CO 80526-8118.
2Corresponding author.
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Fig. 1a. Red foxes on the sheet metal roof, 9.5 m aboveground.

b

Fig. 1b. Close-up of a rooftop fox.

Fig. 2. The collapsed west end of the building, providing an access ramp to the roof.
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Kits are often full grown by late June and it
is unknown whether the foxes were adults or
curious juveniles; we suspect the latter, judging
from their size. Climbing behavior in this normally crepuscular, nocturnal species may be
more common than previously thought.
We thank J. Thiebaud for bringing this unusual behavior to our attention and B. Baker for
the title suggestion. The comments of 3 anonymous reviewers improved the manuscript.
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AGE AND GROWTH OF LEAST CHUB, IOTICHTHYS PHLEGETHONTIS,
IN WILD POPULATIONS
Michael D. Mills1,2, Mark C. Belk1, Russell B. Rader1, and Joshua E. Brown1
Key words: Iotichthys phlegethontis, least chub, age, growth, otolith analysis, life history.

Least chub (Iotichthys phlegethontis) are
small cyprinids endemic to the Bonneville
Basin of Utah. Historically, they were scattered throughout the Bonneville Basin in a
variety of habitats including Utah Lake, Provo
River, Sevier River, Beaver River, streams and
freshwater ponds near the Great Salt Lake,
and springs and marshes scattered throughout
central and southern Utah (Fig. 1; Sigler and
Sigler 1996). Several populations of least chub
have become extinct over the last century because of habitat loss and the introduction of
nonnative species. Currently, least chub are
found in only 9 isolated spring pools in the
central and west desert regions of Utah (Perkins
et al. 1998).
In response to this large-scale population
decline, least chub are potential candidates for
federal listing as an endangered species, but a
conservation agreement by the State of Utah
has forestalled this action. The goal of the conservation agreement is to stop further declines
and to begin a process for management and
recovery of least chub, thus obviating listing.
Management and recovery of the least chub
is dependent on an understanding of its biology. However, because of their rarity, least chub
are difficult to study and much of their biology
is unknown. In particular, growth rates and
longevity in wild populations can only be
inferred from laboratory studies. Studies on
captive individuals suggest that least chub are
short-lived (not more than 3 years) and that
they grow slowly (Sigler and Workman 1975,
Workman et al. 1976, Crawford 1979). However, captivity can affect growth and longevity,
and to effectively manage least chub it is important to understand their growth and longevity in their natural habitat. In this paper

we analyzed otoliths to determine growth and
longevity of least chub in wild populations.
The Utah Division of Wildlife Resources
(UDWR) collected least chub with minnow
traps at the following 5 sites: Gandy Marsh,
Lucin Pond, Mills Valley, Mona Springs, and
Walter Spring (Fig. 1). A total of 38 fish were
>1 year of age and could be used to analyze
otoliths for growth and longevity (Table 1). Fish
were preserved in alcohol and transported to
BrighamYoung University where individuals
were rinsed in water, blotted dry, and weighed
to the nearest 0.001 g, after which standard
length (SL) was determined using electronic
calipers (0.01-mm resolution). Otoliths (lapillae) were removed from each fish, ground to a
thin-section, and analyzed under a compound
microscope.
We determined age of each fish by counting opaque bands on otolith thin-sections.
Identification of annuli was aided by creating
a digitized image of each otolith for computer
analysis. We used marginal increment analysis
(MIA) to validate that opaque bands represented true annuli (Johnson 1983, Hyndes et al.
1992, Fowler and Short 1998, Campana 2001).
Otoliths having 1 or 2 opaque bands were
included in the MIA. Using computer image
analysis software (SigmaScan Pro 5.0, SPSS,
Inc. 1999), we then measured (0.001-mm resolution) annual growth increments along the
longest axis of the otolith. To verify annuli formation, we conducted a 1-way ANOVA using increment width as the dependent variable and
date collected as the independent variable.
To compare the growth of fish in each habitat, we back-calculated the length of each fish
at each age from otolith measurements using a
modified Fraser-Lee formula (Campana 1990):

1Department of Integrative Biology, 401 WIDB, Brigham Young University, Provo, UT 84602.
2Present address: Native Aquatics, Utah Division of Wildlife Resources, 1115 North Main St., Springville, UT 84663.

409

410

WESTERN NORTH AMERICAN NATURALIST
Lx = Lo + (Lc – Lo)(Rx – Ro)/(Rc – Ro),

where Lx is estimated SL at age x, and Rc is
otolith radius at capture. Lo is the estimated
length at swim-up, equal to 4 mm (Crawford
1979), whereas Ro is otolith radius at swim-up.
Growth rates of age-1 fish were compared
across 4 sites (Lucin Pond, Mills Valley, Mona
Springs, and Walter Spring) using a 1-way
ANOVA and a Tukey multiple means comparison (S-Plus® version 6, Insightful Corporation
2001). Because only 2 fish were collected from
Gandy Marsh, this site was excluded from the
growth analysis. We also used separate t tests
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to compare differences in standard length of
age-2 and age-3 least chub in Lucin Pond versus Mills Valley. We did not include Mona
Springs or Walter Spring in the growth analysis of age-2 and age-3 fish because only age-1
fish were collected at these sites. Diagnostic
plots were used to verify parametric assumptions in each analysis.
Mean annual temperature in Mills Valley was
monitored with continuously recording thermographs (StowAway®, ONSET Corporation
2000). Seasonal “spot” measurements were used
to characterize the annual temperature regime
in Lucin Pond.

Fig. 1. Map showing current and past least chub populations in the State of Utah (Sigler and Sigler 1996, Perkins et al.
1998). The 2 transplanted populations came from Gandy Marsh.
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TABLE 1. Month in which fish were collected from each site and number of fish collected for age and growth analysis.

Site

Month
collected

Number of
fish
analyzed

Gandy Marsh
Lucin Pond
Mills Valley
Mona Springs
Walter Spring

May
February
July
November
July

2
15
11
4
7

Marginal increment analysis was consistent
with formation of 1 opaque band per year; thus,
we refer to opaque bands as annuli. Increment
size varied significantly with date of collection
(F = 7.734, d.f. = 22, P = 0.03), as the smallest marginal increments were found for fish
collected in July with increment size increasing thereafter (Fig. 2). Thus, it appears growth
rates are maximum during the summer months,
approximately June through September.
Longevity in this study was double that
reported for captive populations. Six-year-old
individuals were found in both Lucin Pond
and Gandy Marsh populations, and the oldest
fish collected in Mills Valley was 5 years old.
Mean standard length of age-1 fish differed
among populations (F = 10.012, d.f. = 38,
P < 0.05; Tukey < 0.05). Age-1 fish from Mona
Springs were significantly larger than those
from the other 4 populations. Growth rates of
age-2 (t = 1.73 d.f. = 18, P = 0.0004) and
age-3 (t = 1.81 d.f. = 10, P = 0.0003) least
chub in Lucin Pond were higher than in the
Mills Valley population (Fig. 3).
Least chub in wild populations live significantly longer than previously believed. Our
analysis clearly indicates that these fish can
live up to 6 years. Finding 8 fish of age-4 and
greater in our small samples from these sites
leads us to believe that fish of this age are
common in these populations (Table 1). Environmental differences and different aging techniques could explain the discrepancy between
our data and previous studies on captive least
chub. Previous studies (Sigler and Workman
1975, Workman and Workman 1976) were
conducted in aquaria, where conditions can
differ from those found in the wild (e.g., food
availability). Also, scales, rather than otoliths,
were used to measure longevity in these captive populations. Estimates from scales tend to

Number of fish
in each
age class
Age-4: 1, age-6: 1
Age-1: 4, age-2: 3, age-3: 5, age-4: 2, age-6: 1
Age-2: 5, age-3: 3, age-4: 2, age-5: 1
Age-1: 4
Age-1: 7

Fig. 2. Plot of marginal increment width for 1- to 2year-old fish versus month of the year when fish were collected. Error bars represent 1 standard deviation.

underestimate longevity (Beamish and McFarlane 1983).
Growth comparisons of age-2 and age-3
fish between Lucin Pond and the Mills Valley
populations showed a higher growth rate in
the colder Lucin Pond, which had an approximate mean annual temperature of 8° or 9°C.
Mills Valley had a mean annual temperature of
11°C. Mills Valley is groundwater fed with relatively constant seasonal water temperatures,
whereas Lucin Pond is fed by a pipe from nearby springs and freezes in the winter. Although
differences in growth rates between Lucin Pond
and Mills Valley may reflect differences in a
variety of interacting processes (e.g., food
availability, genetically based traits, fish density), it is clear that warmer temperatures do
not have an overriding influence on growth.
Future studies on the effects of temperature
on least chub growth could isolate causes of
the observed variation.
These estimates of growth and longevity
can help guide efforts to restore and manage
least chub. Accurate estimates of longevity are
important for developing population growth
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Fig. 3. Plot of mean back-calculated standard length versus age of least chub. Error bars represent 1 standard error.
Only age-1 fish were collected from the Mona Springs and Walter Springs.

models, while accurate estimates of growth
can aid in determining the sensitivity of different life stages to potential threats. For example, the western mosquitofish (Gambusia affinis), an introduced exotic predator, can prey
on small young-of-the-year least chub (Mills et
al. 2004). Our life history data can be used to
estimate how long sensitive size classes may
be exposed to predation before reaching a size
refuge. Also, estimates of growth in wild populations provide an important baseline for comparison with growth in restored or reintroduced
populations. Population viability models are dependent on accurate estimates of growth and
longevity in the wild. Such growth comparisons could provide valuable information on
the health of recently established populations.
In summary, we found that least chub in
natural systems live longer than suggested by
previous studies conducted on captive fish.
Growth rates vary among populations, the
causes of which should be explored through
future research.
This research was supported by the Department of Integrative Biology at Brigham Young
University and the Utah Division of Wildlife
Resources.
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DIET OF THE LEATHERSIDE CHUB, SNYDERICHTHYS COPEI,
IN THE FALL
Adrian Bell1 and Mark C. Belk1
Key words: fish, Great Basin, diet, foraging, competition.

Diet analysis provides a powerful method
for determining a species’ role in the community. Potential competitors, potential prey, and
the position of a species in the community
food web are all determined by what an organism eats (Mittlebach 1994). In addition, a
species’ diet is often sensitive to specific conditions of the environment (e.g., predators,
resource availability; Reinthal 1994). Thus,
variation in diets can provide insight about
potential competitive interactions and spatial
distribution, as well as the effects of invasive
species (Breitburg 1994). An understanding of
diet may be particularly useful for determining factors affecting declining species.
Leatherside chub, Snyderichthys copei, is a
small cyprinid native to rivers and streams of
the Bonneville Basin and the upper Snake River
drainage of Utah, Idaho, and Wyoming. In recent years the distributional range of leatherside chub has declined and become increasingly fragmented (Wilson and Belk 2001).
Habitat degradation and introduction of nonnative species have been implicated in the
decline (Walser et al. 1997, Wilson and Belk
2001). In particular, the presence of introduced brown trout (Salmo trutta) has been
suggested to have strong negative effects on
leatherside chub. However, little is known
about trophic interactions between leatherside
chub and other members of the fish assemblage (both introduced and native).
Previously, all populations of leatherside
chub were thought to represent a cohesive
species with no obvious genetic or ecological
differences among populations (Wilson and Belk
2001). However, recent phylogenetic analysis
based on mtDNA gene sequences (cyt b) suggests that leatherside chub comprise 2 distinct

lineages. Specifically, populations located in
northern Utah, southern Idaho, and southern
Wyoming represent 1 distinct lineage, and
populations located in central and southern
Utah represent another ( Johnson and Jordan
2000, Dowling et al. 2002).
Despite the importance of understanding
the trophic ecology of leatherside chub, their
diet has not been adequately described (Sigler
and Sigler 1987, 1996). To determine trophic
relations of leatherside chub and to aid in a
clearer understanding of this poorly known
species, we describe and quantify the diet of
leatherside chub from both northern and
southern lineages based on stomach samples
collected in early fall. Further, we compare
diet of leatherside chub with previously published diets of other co-occurring species.
We sampled stomach contents of 47 leatherside chub and quantified their diets from analysis of these contents. To represent the southern
lineage, 15 leatherside chub were collected
from East Fork Sevier River, Piute County,
Utah, at a site 5 km above Piute Reservoir
with an elevation of about 1850 m (38°12′N,
112°10′W). Fifteen leatherside chub were collected from Spanish Fork River, Utah County,
Utah, near its confluence with Thistle Creek
at an elevation of 1626 m (40°00′N, 111°30′W).
To represent the northern lineage, we collected
17 leatherside chub from Sulphur Creek (a
tributary of the Bear River), Uintah County,
Wyoming, at a location about 3 km above Sulphur Creek Reservoir at about 2200 m elevation (41°08′N, 110°48′W). All 3 locations are
characterized by a narrow strip of riparian
vegetation bordered by typical cold desert
shrubs and grasses. All collection locations
contained similar co-occurring fish species:

1Department of Integrative Biology, Brigham Young University, Provo, UT 84602.
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redside shiner (Richardsonius balteatus), speckled dace (Rhinichthys osculus), mountain sucker
(Catostomus platyrhynchus), mottled sculpin
(Cottus bairdi), and a small number of brown
trout.
We collected leatherside chub from midSeptember to mid-October between 1000 and
1500 hours with a backpack electroshocker.
For diet analyses we used only adult fish (>65
mm total length; Johnson et al. 1995). Fish
were euthanized with an overdose of MS-222,
placed on ice for transportation, and later
fixed in 10% formalin solution.
We used the gravimetric method to quantify diet items in the stomachs according to
methods in Hyslop (1980). We removed stomach contents from preserved specimens and
measured mass of the contents in grams (Denver Instruments, Inc., digital balance). Diet
items were identified to order and then
grouped into the following more general categories: aquatic insects, terrestrial insects, mollusks, crustaceans, miscellaneous (e.g., vegetation, Porifera, Hirudinea, etc.), and unknown.
The proportion of total mass attributable to
each diet was estimated. We used proportion
of mass rather than counts of individuals because in many cases individuals were difficult
to determine due to the effects of mastication
of food by cyprinid species (Hyslop 1980). To
account for the variation in stomach fullness
among individuals, we calculated a weighted
proportion (weighted by the ratio of each individual’s total stomach content mass to the mean
stomach content mass from all individuals
sampled at a given location) for each diet category for all individuals. Kruskal-Wallis tests
(SAS 1997) were used to compare differences
among sampling locations of mean unweighted
proportions and mean weighted proportions
for 4 diet categories (excluding miscellaneous
and unidentified categories).
Leatherside chub foraged on a wide variety
of prey (Table 1). Prey items were typical of
organisms attached to various substrates or on
the benthos (e.g., odonates, some stages of
Plecoptera, mollusks) and some taxa found in
the drift (e.g., Trichoptera, terrestrial insects).
The most important prey categories were
aquatic and terrestrial insects and crustaceans,
which combined accounted for over 75% of
the diet at all locations. Aquatic insects were
the dominant prey category at the East Fork
Sevier River location (southern lineage). Aquatic
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insects and crustaceans were the dominant
prey categories at the Spanish Fork River location (southern lineage). Aquatic and terrestrial
insects were the dominant prey categories at
the Sulphur Creek location (northern lineage).
Proportions in the diet of 3 of 4 prey categories (excepting mollusks) differed significantly among locations for either the weighted
or unweighted analysis (Table 1). Crustaceans
(Amphipoda and Isopoda) were observed only
in the diet at the Spanish Fork River location,
and mollusks were observed only in the diet at
the Sulphur Creek location.
Differences in diet among locations may
indicate differences in environment or adaptive history; however, they must be interpreted
with caution. For species with relatively broad
diets, such as leatherside chub, differences in
diet could result from differential availability
of prey in different streams and seasons. Variation of the mean proportion of prey categories
in diets would be expected to fluctuate throughout the year. This would suggest that diet differences between locations and lineages noted
here are likely an overestimate of differences
averaged over an entire year. Further study of
leatherside chub diet is needed to determine
differences by season and location.
Diet of leatherside chub appeared similar
to diets of several co-occurring fish species:
mottled sculpin, redside shiner, cutthroat trout,
and brown trout. Diet of mottled sculpin comprises, almost completely, bottom-dwelling
aquatic insects (Bailey 1952, Zarbock 1952).
Adult redside shiner feed mainly on aquatic
and terrestrial insects, crustaceans, and snails
(Wydoski and Whitney 1979). Diet of cutthroat
trout and brown trout consists mainly of aquatic
and terrestrial insects and crustaceans (Behnke
2002). Because of the similarity in diet, competitive interactions between leatherside chub
and these other species may occur in natural
systems.
Although they were not found at the sampling sites, fathead minnows have been introduced in some streams within the range of
leatherside chub. Because the fathead minnow
is similar in size and habitat, there has been
some concern that this species may actively
compete with leatherside chub (personal
observation). However, the diet of fathead
minnows appears to be somewhat different
from what was found for leatherside chub.
Diet of fathead minnow includes primarily

0.197
(0.105)

0
(0)

0
(0)

Terrestrial insectsb

Mollusksc

Crustaceansd

*southern lineage; **northern lineage
aTrichoptera, Plecoptera, Odonata
bColeoptera, Hymenoptera, Lepidoptera
cGastropoda
dAmphipoda, Isopoda

0.8
(0.107)

Aquatic insectsa

0
(0)

0
(0)

0.056
(0.03)

0.943
(0.283)

East Fork Sevier River*
(N = 15)
_________________________
Unweighted
Weighted

0.367
(0.124)

0
(0)

0.04
(0.0335)

0.353
(0.124)

0.57
(0.29)

0
(0)

0.019
(0.013)

0.282
(0.131)

Spanish Fork River*
(N = 15)
_________________________
Unweighted
Weighted

0
(0)

0.0824
(0.0620)

0.503
(0.107)

0.335
(0.102)

0
(0)

0.093
(0.067)

0.389
(0.145)

0.459
(0.21)

Sulphur Creek**
(N = 17)
_________________________
Unweighted
Weighted

χ2 = 5.13
P = 0.077
χ2 = 9.12
P = 0.012
χ2 = 0.133
P = 0.94
χ2 = 3.47
P = 0.18

χ2 = 7.9067
P = 0.019
χ2 = 11.63
P = 0.0030
χ2 = 3.61
P = 0.16
χ2 = 11.61
P = 0.0030

Kruskal-Wallis test
(d.f.= 2)
___________________________
Unweighted
Weighted

TABLE 1. Comparison of unweighted and weighted mean proportion (s) of prey categories found in stomach samples from 3 populations of leatherside chub. Contents not listed
below were miscellaneous and unidentified debris categories.
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algae, zooplankton, organic detritus, and some
larval aquatic insects (Hambright and Hall
1992, Sigler and Sigler 1996). Competition for
food between leatherside chub and fathead
minnow appears unlikely.
In summary, the leatherside chub feeds primarily on aquatic and terrestrial insects and
crustaceans. These data provide insight concerning the potential trophic overlap of
leatherside chub with other co-occurring species such as mottled sculpin, redside shiner,
cutthroat trout, and brown trout.
This project was funded by the Department of Zoology, Brigham Young University.
K. Wilson, M. Smith, and D. Olsen helped
with collection and processing. Utah Division
of Wildlife Resources (permits 4COLL01453
and 4COLL2003) and Wyoming Game and
Fish Department (permit 177) gave permission
for collection of specimens.
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BOOK REVIEW
Viste Nieve. Melbourne R. Carriker. Blue
Mantle Press, Rio Hondo, TX. 2001.
$18.95, paperback; 312 pages + xiii, 3
maps numerous black-and-white photos.
ISBN 0-9665485-2-3.
This is a difficult book to review from the
perspective of a scientist because in reality it
is a biographical sketch, or annotated itinerary,
recounting the life and adventures of an early
naturalist-collector while engaged in establishing a farm and coffee plantation in Colombia.
As the author states (p. iv), “My reason for
writing Vista Nieve was to record for my extended family an accurate historical account of
their unique heritage. For historians I also
wished to document the courageous explorations, development, and operation of coffee
plantations by intrepid foreigners in the rugged
Sierra Nevada de Santa Marta mountains. . . .”
The book begins with Carriker’s grandparents, the Flyes, in Maine and Ohio in the
mid-1800s. The author describes the various
genealogies of the principal naturalist in the
story, Melbourne (Meb) Armstrong Carriker,
Jr. Meb was a collector-ornithologist-entomologist-naturalist who made major contributions
to ornithology while working at the Carnegie
Museum with W.E. Clyde Todd. Not only did
Meb write the early major reference book An
Annotated List of the Birds of Costs Rica, but
later he coauthored with Todd The Birds of the
Santa Marta Region of Colombia: A Study in
Altitudinal Distribution.
Major collecting expeditions are described:
Venezuela (1909–1911), several to Colombia
between about 1911 and 1918, and again to
Venezuela in 1922. The narrative of these
expeditions is intertwined with family matters
at the coffee plantation and the science of collecting birds.

It seems to me that the book will have
more interest to the historian desiring a flavor
of life in the late 1800s and early 1900s in
northern South America than to the biologist
or ornithologist. From the limited perspective
of an ornithologist, I feel it would have been
helpful had the author given some details of
the specimens reported to be collected. For example, on page 150 in recounting the Colombian Atrato-Páramo de Ruiz expedition of
1918, the author makes the following statements: “Meb took 389 birds; they took 147
birds; shooting 228 birds; shooting 153 birds;
Meb shot 344 birds.” There is absolutely no
information here. What was the habitat? The
nature of specimens collected? Some of the
species? Were they passerines and birds of the
canopy or of other habaitat? Much useful ecological information could have been provided
that would be useful today in evaluating the
changing nature of habitat or bird fauna at
given locations. In the author’s defense, however, perhaps the journals gave no additional
information.
I also wish the book’s photographs had been
larger so that more detail could be discerned.
Granted, most were taken in the early 1900s
and are understandably of lower quality and
somewhat grainy, but much information is lost
because of their size.
This is a worthwhile book for a public library
and perhaps some home libraries wherein the
reader has a particular interest in Colombian
life in the early 1900s. Nonetheless, while I
found it interesting reading, I cannot recommend the book for most libraries.

417

Clayton M. White
Department of Integrative Biology
Brigham Young University
Provo, Utah 84602

Coming soon . . .

Monographs of the

WESTERN NORTH AMERICAN NATURALIST
VOLUME 2
_______________________________________________________
The monograph contains the following 4 articles:

Anacroneuria from Mexico
and upper Mesoamerica
Bill P. Stark and Boris C. Kondratieff
_________________________

The Holarctic winter stonefly genus Isocapnia,
with an emphasis on the North
American fauna (Plecoptera: Capniidae)
J.T. Zenger and R.W. Baumann
_________________________

The winter stonefly genus Paracapnia
(Plecoptera: Capniidae)
B.P. Stark and R.W. Baumann
_________________________

Intermountain freshwater mollusks, USA (Margaritifera,
Anodonta, Gonidea, Valvata, Ferrissia): geography,
conservation, and fish management implications
Peter Hovingh
$12 per copy
This monograph is in the final stages of publication. A complimentary
copy will be sent to each subscriber upon completion of printing.
Additional copies can be purchased for $12 each. We accept both credit
cards and check payments. You may call (801) 422-6688, FAX (801) 378-3733,
or e-mail wnan-byu@email.byu.edu to place an order. Please make checks
payable to Western North American Naturalist and send to 190 M.L. Bean
Life Science Museum, Brigham Young University, Provo UT 84602.

CONTENTS
(Continued from back cover)

Notes (continued)
Foxes on a hot tin roof . . . . . . . . . . . . . . . . . . . . . . . . . James A. Sedgwick and John Bartholow

406

Age and growth of least chub, Iotichthys phlegethontis, in wild populations . . . . . . . . . . . . . . .
. . . . . . . . . . . . . Michael D. Mills, Mark C. Belk, Russell B. Rader, and Joshua E. Brown

409

Diet of the leatherside chub, Snyderichthys copei, in the fall . . Adrian Bell and Mark C. Belk

413

Book Review
Viste Nieve

by Melbourne R. Carriker. . . . . . . . . . . . . . . . . . . . . . . . . . Clayton M. White

419

417

